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Section  I 


Introduction 

1.1  Background 

For  years  both  government  and  industry  have  observed  that  the  reliabil- 
ity of  avionic  equipment  in  the  field,  has  not  generally  attained  the  level 
demonstrated  in  the  laboratory.  Studies  predict  and  laboratory  demonstraticne 
verify  the  achievement  of  satisfactory  levels  of  reliability,  yet  once  in 
the  field,  equipments  fail  at  a rate  significantly  higher  than  expected. 
Observed  differences  have  in  many  cases  been  estimated  to  be  at  least  a 
factor  of  three  to  as  much  as  an  order  of  magnitude. 

The  specific  reasons  for  such  variances  have  been  the  subject  of  differ- 
ent government  funded  and  industry  sponsored  studies.  It  is  generally  ac- 
cepted that  the  main  contributors  to  these  apparently  inconsistent  statis- 
tics are  certain  obvious  and  other  more  obscure  operational  considerations. 
These  factors  can  usually  be  grouped  however,  as  differences:  attributable 

to  the  equipment  itself;  between  the  environments  encountered  during  test 
and  end  item  usage;  and  in  the  derived  data  base  upon  which  the  equipment 
reliability  is  determined.  These  factors  and  the  probable  reasons  for  the 
contradictory  estimates  arc  summarized  in  Table  1. 

ENVIRONMENT 

Data  and  experience  seem  to  indicate  that  the  difference  between  labora- 
tory tests  and  field  environmental  exposure  is  one  of  the  more  significant 
reasons  for  avionic  estimated  reliability  incompatibility.  Increased  envi- 
ronmental stress  levels  on  hardware  due  to  modern  high  speed,  high  perfor- 
mance aircraft  are  responsible  for  many  field  failures.  A study  performed 
by  Grumman  (ref.  l)  clearly  indicates  that  almost  50$  of  the  field  failures 
of  the  equipments  studied  were  environmentally  related. 

Almost  without  exception,  laboratory  demonstration  tests  of  subsystems 
composed  of  several  constituent  black  boxes,  are  performed  in  one  test 
facility  and  at  one  level  of  stress.  In  the  aircraft  these  same  units  may 
be  located  in  different  areas  and  therefore  potentially  exposed  to  different 
environmental  conditions.  Even  if  all  items  are  designated  to  be  the  same 


1 


MIL-E-5^00  "class"  (ref.  2),  which  indicates  similar  thermal  and  altitude 
design  and  test  requirements  only,  other  environmental  condi. tions  (notably 
vibration)  may  vary  considerably. 

Snail,  light  items  are  not  likely  to  incur  much  damage  due  to  handling. 
As  equipment  weight  and/or  volume  increases,  the  damage  potential,  due  to 
banging,  dragging,  etc.,  may  increase  significantly.  In  the  laboratory,  the 
reliability  test  article  is  generally  given  the  'kid  glove'  treatment,  there- 
by minimizing  the  probability  of  handling  damage.  However,  in  the  field, 
because  of  aircraft  installation  and  removal  requirements,  this  effect  may 
become  significantly  more  pronounced  and  logically  would  increase  with  item 
weight  and  volume. 

It  is  apparent  therefore  that  reliability  demonstration  test  environ- 
ments do  not  sufficiently  or  adequately  reflect  field  usage. 

EQUIPMENT 

Quite  often,  in  order  to  meet  contractual  commitments,  production  equip- 
ment is  delivered  before  the  reliability  demonstration  test  is  complete. 

One  of  the  reasons  that  the  reliability  of  field  hardware  may  be  lower  than 
that  demonstrated  during  testing  is  that  many  problems,  detected  during  the 
demonstration  test  for  which  a change  will  not  be  incorporated  into  the  pro- 
duction hardware  until  sane  later  date,  will  still  be  present  in  the  ini- 
tially delivered  units. 

During  the  various  phases  of  a program,  equipments  produced  during  the 
pre-j>roduction  phase  are  reworked  for  certain  purposes.  If  a reliability 
demonstration  test  is  to  be  conducted,  one  or  more  of  these  'early'  units 
will  usually  be  designated  as  the  reliability  sample(s).  Experience  indi- 
cates that  the  earmarked  unit(s)  is  often  assembled,  controlled  and  inspected 
with  more  care  than  the  average  production  hardware.  In  addition,  these 
test  units  may  see  more  operating  time  prior  to  actual  test,  than  is 
accrued  on  each  production  unit  before  delivery,  resulting  in  a biased  test 
specimen. 

The  conditions  under  which  scheduled  and  unscheduled  maintenance  activ- 
ities are  performed  on  the  equipment,  in  the  laboratory  as  well  as  in  the 
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field,  are  quite  different  and  create  the  very  real  potential  for  intro- 
ducing undesireable,  but  possibly  unavoidable,  contributors  to  equipment 
unreliability.  The  skill  level  of  personnel  involved  in  failure  diagnostics 
and  repair  can  significantly  affect  the  identification  and  classification  of 
problems,  which  eventually  become  data  elements.  Inadequate  equipment  han- 
dling practices  due  to  lack  of  proper  maintenance  stands,  tools  and  pro- 
cedures or  personnel  motivation  could  result  in  induced  failures,  hence 
erroneous  conclusions.  As  packaging  density  increases,  this  situation  would 
be  more  pronounced  in  the  field  than  in  the  laboratory  since  the  demonstra- 
tion tests  are  generally  conducted  with  highly  skilled  personnel. 

High  quality  level  parts  (TX,  ER,  etc.)  are  so  designated  because  they 
undergo  more  rigorous  inspection  and  testing  procedures  than  other  parts 
which  are  physically  and  functionally  identical.  In  the  field  these  parts 
should  be  better  able  to  endure  long  environmental  exposures  than  the  low 
quality  level  types.  Since  they  are  more  environmentally  tolerant,  MTBF 
values  for  equipments  with  a high  percentage  of  high  reliability  parts  may 
therefore  be  more  closely  related  to  laboratory  demonstration  values  than 
units  with  a much  lower  percentage  of  high  reliability  parts. 

During  laboratory  demonstration  tests, because  of  practical  consider- 
ations or  expediency, not  all  functions  (i.e.,  performance  parameters)  may  be 
monitored.  Out- of- tolerance  situations  and  even  certain  'hard'  failures 
may  occur  during  environmental  exposures  and  never  be  detected  during  the 
test  or  during  final  acceptance  test.  In  an  aircraft,  however,  these 
anomalies  could  very  likely  appear  and  correctly  be  counted  as  a failure. 

DATA 

Ground  rules  for  failure  definition  and  time  measurement  must  be  con- 
sistent to  assure  that  field  and  laboratory  reliability  comparisons  are 
valid.  It  is  obvious  that  a large  disparity  between  these  parameters,  when 
used  in  defining  MTBF  and  scoring  failures,  will  result  in  a significant 
difference  in  reliability. 

During  the  earlier  stages  of  aircraft  deployment,  test  equipment  and 
hardware  may  not  be  completely  compatible  and  this  incompatibility  could  re- 
sult in  erroneous  failure  diagnosis  during  troubleshooting.  Incorrect 
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failure  date  would  then  be  entered  into  the  data  recording  system. 

The  specified  value  of  as  defined  in  MIL-STD-781  (ref.  3)  4s  the 
measure  that  must  be  demonstrated  in  the  laboratory.  This  MTBF  requirement 
is  established  by  the  user  of  the  equipment  and  must  be  satisfied  by  the 
equipment  manufacturer  by  means  of  an  estimate  which  is  based  on  the  results 
of  the  demonstration  test.  It  is  therefore  extremely  important  that  the 
prediction  be  realistic  based  on  the  best  a'ra.ilable  data.  In  addition,  it 
is  also  important  that  a uniform  prediction  policy  be  maintained  for  all 
avionic  equipment.  Current  techniques  utilize  data  fran  a wide  variety  of 
sources,  often  resulting  in  equipment  whose  measured  value  of  MTBF  does  not 
approach  the  original  requirement. 

1.2  SCOPE 

Although  all  of  the  indicated  considerations  have, to  varying  degrees, 
contributed  to  the  noncorrelation  of  field  and  laboratory  demonstrated  reli- 
ability, the  scope  of  this  study  has  been  deliberately  focused  on  the  effects 
of  the  environmental  factors.  Certain  of  the  other  contributors  were  also 
investigated  when  the  field  data  indicated  a significant  impact. 

The  environmental  factors  appeared  to  be  the  most  fruitful  area  of 
investigation  because: 

experience  has  shown  that  the  reliability  of  equipments  is  signifi- 
cantly affected  by  the  environmental  stresses  to  which  they  are 
exposed. 

- the  laboratory  test  environments,  which  have  remained  basically  un- 
changed over  the  years,  no  longer  represent  the  induced  environments 
of  today's  high  performance  aircraft. 

- laboratory  test  conditions  (e.g.,  special  handling  equipment,  con- 
trolled "clean  room"  environments,  well  defined  exposure  durations, 
etc.)  do  not  reflect  what  the  equipment  will  experience  in  the  end 
usage 

1.3  Objectives 

The  principal  objectives  of  this  study  were: 
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• Determine  the  adequacy  of  the  environmental  profiles  of  MIL-STD-781 
in  simulating  field  stresses. 

• Where  inadequacies  exist,  provide  recommended  new  teat  profiles  for 
Inclusion  In  MIL- STD-781. 

Secondary  objectives  included: 

• Determine  the  adequacy  and  provide  recommendations  for  improving 
demonstration  test  ground  rules  and  scoring  criteria. 

• Identify  changes  needed  in  reliability  prediction  methods  to  produce 
better  correlation  between  demonstration  test  and  field  results. 

I.1*  Approach 

The  following  interrelated  activities  ( summarized  in  Figure  l)  were 
performed  to  achieve  the  above  objectives. 


Line  Removal  Units  (LRU)  were  selected  in  accordance  with  a set  of 

+ori  Q + o r>  r*  — ■«  5 1 M ^ -O  -f\ , ~'-4- 4 ~ 1 ^ 
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cooling  and  mounting  provisions.  Ninety-five  distinct  IRU’e  were 
selected  and  the  physical  characteristics  and  op/erational  require- 
ments of  each  IftU  was  compiled.  Note  that  "LRU"  is  a generic  term 
used  to  describe  any  replaceable  package  of  an  avionic  equipment  or 
system  as  installed  in  an  aircraft  weapon  system.  The  equivalent 
Navy  term  is  Weapons  Replaceable  Assembly  (WRA).  Inasmuch  as  the 
data  analyzed  for  tnis  study  pertained  to  WRA's,  that  particular 
acronym  will,  be  used  throughout  the  report. 


• The  level  and  duration  of  all  environmental  exposures  during  demon- 
stration tests  and  in  the  field  were  determined.  This  included  the 
compilation  and  review  of  all  environmental  data  extracted  from  test 
plans  and  reports,  available  flight  instrumentation  data  (e.g. 
References  26-30)  and  engineering  analyses.  The  results  of  all 
pertinent,  previous  studies  were  included  in  the  determination.  The 
source  documentation  was  also  reviewed  for  consistency  of  ground 
rules,  assumptions,  failure  criteria,  corrective  action  requirements 
and  effectivity. 
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• The  results  of  the  demonstration  tests  and  field  usage  were  reviewed, 
in  terms  of  experienced  failures,  test  time,  number  of  flight  hours, 
etc.,  to  determine  the  demonstration  and  field  MTEF's.  This  neces- 
sitated the  establishment  of  and  the  adherence  to  certain  prediction 
ground  rules  and  assumptions.  Failure  narratives  contained  in  test 

. reports  and  operational  performance  data  as  contained  in  the  Navy 
Maintenance,  Material,  and  Management  .(3M)  system  were  reviewed  for 
applicability  to  this  study.  A reprediction  of  the  reliability  of 
each  WRA,  based  upon  part  populations,  electrical  and  thermal 
stresses  and  the  failure  rates  of  the  coordination  copy  of 
MIL-HDBK-2173  (ref.  23)  was  also  accomplished. 

• The  outputs  of  the  Environmental  Analysis  and  MTBF  Analysis  were 
studied  through  the  use  of  statistical  analysis  techniques.  Signi- 
ficant causitive  environmental  factors  that  related  to  the  difference 
in  reliability  between  the  laboratory  and  the  field  were  identified. 

• Candidate  demonstration  test  profiles  including  environments,  ex- 
posure time,  sequencing,  levels,  etc., were  developed  by  using  the 
results  of  the  statistical  analysis,  previous  study  results,  and 
constraints  imposed  by  equipment  design,  test  equipment,  and  testing 
economics. 
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Section  II 

Equipment  Selection/ Data  Requirements 
2. . 1 Selection  Criteria 

In  order  to  satisfy  both  the  primary  and  secondary  objectives  of  this 
study,  it  was  necessary  to  formulate  a hierarchy  of  selection  criteria  for 
choosing  the  equipments  to  be  analyzed.  These  criteria  described  either  a 
design  or  utilization  characteristic  of  the  candidate  equipment  or  the 
availability  of  data.  Except  for  those  which  pertained  to  data  availability, 
the  selection  discriminators  had  to  have  a direct  bearing  on  the  major 
issues  of  the  study,  that  is,  they  had  to: 

• potentially  affect  an  equipment's  environment 

• potentially  affect  the  reliability  of  the  equipment 

The  overriding  consideration  in  the  assessment  of  each  criterion  was  to 
provide  a comprehensive  equipment  blend  in  terms  of  design  complexity  and 
environmental  exposure.  Certain  general  conclusions  and  recommendations 
pertaining  to  environmental  demonstration  testing  of  all  types  of  avionic 
equipment  could  then  be  formulated  from  this  sample  of  analyzed  equipments. 
The  items  were  chosen  on  the  basis  >f  satisfying  as  many  of  the  criteria 
as  possible.  In  addition,  since  it  was  highly  improbable  that  all  of  the 
items  typified  a representative  sojrple  of  each  selection  screen,  a criteria 
precedence  was  established.  But  here  again,  the  utmost  concern  was  to 
maintain  a good  crosw- sectional  character  to  the  group  of  analyzed  items. 
These  criteria  in  rank  order  included: 

• Laboratory  Demonstration  - In  order  to  perform  any  evaluation,  it  was 
Implicit  in  the  basic  study  objective  that  each  selected,  equipment 
must  have  been  subjected  to  a reliability  demonstration  test.  The 
equijments  chosen  were  all  subjected  to  such  tests,  primarily  levels 
E & E of  MIL-STD-78I  (ref.  3),  Certain  equipments  were  purposely 
selected  because  they  had  not  been  exposed  to  a MJ.L-STD-701  profile, 
but  had  been  tested  to  environments  representing  typical  mission 
profiles. 
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• Field  Data  - Availability  of  data  and  a thorough  knowledge  of  en- 
vi ronmental  "use"  parameters  also  dictated  the  choice  of  hardware, 
fince  tin.'  equipments  selected  are  presently  included  in  the  Navy  in- 
ventory, field  data  was  available  through  Die  3M  system  and  was 
readily  supplemented  by  available  prefl ight  and  flight  test  data. 
Further,  environmental  profiles  had  been  determined  for  each  of  the 
aircraft  selected. 

• ■'■'capon  System  Diversity  - Since  the  environmental  exposure  an  equip- 
ment experience#  is  dependent  upon  the  characteristics  of  the  air- 
craft ii.  which  it  is  installed  ar.d  its  associated  mission,  equip- 
ments have  been  selected  from  a variety  of  aircraft  weapon  systems 
to  assure  a cross  section  of  environmental  exposures.  The  aircraft 
represented  in  this  selection  have  included  the  following  physical 
and  functional  considerations: 

- Turboprop,  turbojet  and  turbofan  propulsion 

- Subsonic  and  supersonic  speeds 
Land  and  carrier  based  aircraft 

Attack,  fighter,  and  surveillance  missions 

• Cooling  Method  and  Mounting  - In  order  to  establish  a base  for 
comparison  of  thermal  cycling  effects,  equipment  was  selected  from 
classes  1A,  IX,  2.,  2A  and  2X  as  defined  by  MIL-E-5U00  (ref.  2)  and 
encompassed  natural  convection,  liquid,  forced  air,  arid  fan  cooling 
methods.  In  a similar  manner,  both  hard-mounted  and  isolator- 
mounted  equipments  were  selected  to  enable  an  assessment  of  different 
field  performance  since  MIL-STD-781  teste  call  for  inardmounting  of 
all  test  hardware. 

• Location  In  Aircraft  - To  provide  diversity  of  environmental  in- 
tensity and  to  establish  a base  for  MIL-STD-781  test  comparisons 
(since  laboratory  tests  are  primarily  conducted  on  subsystems  under 
one  set  of  environments  while  actual  aircraft  location  may  include 
many  environments  for  the  same  subsystem),  equipment  was  selected 
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whose  V.I-iA'r.  were  located  in  the  nose,  fused  age  body,  cockpit,  tail, 
etc . 

• Usage  - All  equipment  selected  and  Used  in  the  aircraft  types  de- 
fined wise  produced  in  quantity.  Further,  all  common  equipment 
functions  were  represented  in  the  selected  hardware,  i.e.,  radar, 
communications,  navigation,  computer  functions,  displays,  A-D  con- 
verters, high-power  transmission,  sensors,  etc, 

• Contemporary  Design  - The  primary  drivel'  used  when  considering  vin- 
tage of  equipment  was  state-of-the-art  technology.  Since  the  study 
output  was  aimed  at  recommending  profiles  for  future  tests,  it  was 
important  that  analysis  be  performed  cn  equipment  representing  cur- 
rent technology . Further,  if  the  equipment  evaluated  was  too  old, 
maximum  reliability  growth  would  have  been  achieved  via  corrective/ 
design  improvement  action,  and  any  comparison  between  laboratory  and 
field  would  contain  a built-in  bias.  Of  course,  equipment  had  to  be 
mature  enough  to  be  deployed  so  that  data  would  be  available.  This 
contradiction  was  mitigated  somewhat  by  selecting  equipment  with  a 
large  complement  of  microcircuitry  (l/C’s,  etc.)  as  well  as  other 

(unique  and  current  .design  features.  In  addition,  equipment  was  also 
selected  which  included  a mix  of  parts/quality  levels. 

2,2  Equipment  Descriptions 

Based  upon  the  criteria  indicated  above,  the  items  to  be  analyzed  during 
the-  study  were  selected.  It  was  originally  decided  to  analyze  15  separate 
equipments  from  four  different  aircraft.  One  of  the  first  major  decisions 
in  conducting  this  study  was  to  expand  this  group  to  provide  a wider  spectrum 
of  equipment  technology  and  environmental  experience.  This  was  accomplished 
by  considering  each  WRA  comprising  the  15  subsystems  as  a discrete  study 
equipment.  Each  WRA  was  successfully  tested  against  the  selection  criteria 
and  were  considered  valid  study  subjects  in  Uiat  the  cross-sectional  char- 
acter of  the  group  was  preserved.  An  additional  benefit  in  going  to  the 
WRA  level  was  to  broaden  the  data  aggregate  since  in  general,  a particular 
equipment  or  system  was  environmentally  tested  under  identical  and  simul- 
taneous conditions.  In  actual  use,  however,  each  MHA  was  not  co -located 
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with  any  of  the  other  item  in  the  system,  thereby  i i it reducing  its  own 
in  situ  environmental  exposure*.  The  end  result  was  that  ninety  five  WRA's 
were  selected  for  analysis.  A description  of  each  of  these  is  contained  in 
Appendix  A. 

Table  2 is  a summary  of  the  more  significant  physical  and  design  charac- 
teristics of  those  chosen. 

Abbrevj  itions  have  been  used  in  the  columns  of  Table  2 to  define 
various  cooling  and  mounting  methods.  The  following  legend  describes 
these : 

COOLING  METHOD 

A = Ambient  - Convective  cooling  - No  supplemental  air 

FA  = Forced  Air  - Supplemental  cooling  from  environmental 

control  system  air  passes  directly  over  components 
FA-0  = Forced  Air  and  Oil  - Forced  air  (as  above)  plus  oil-fo- 
air  heat  exchanger  in  cold  plate 
CP  = Cold  Plate  - Supplemental  cooling  from  environmental 

control  system  air  passes  through  cold  plate  (conductive 

cooling),  not  over  components 

IF  = Internal  Fan  - Integral  WM  fan  draws  in  ambient  air 

Note  that  in  the  succeeding  analyses,  the  WRA’s  that  arc  ambient  or 
internal  fan  cooled  have  been  grouped  together  and  are  referred  to  as 
"ambient  cooled'  WRA's.  Similarly,  the  WRA's  which  are  forced  air,  forced 
air  and  oil,  or  cold  plate  cooled  have  been  grouped  together  and  are  re- 
ferred to  as  "forced  air  cooled"  WliA’s. 

MOUNTING  MKTH01) 

If  = Hard 

IS  - Isolator  Mounted 

2-3  Data  Requirements 

One  of  the  major  activities  during  this  study  was  the  accumulation, 
analysis  and  interpretation  of  data  from  many  diverse  sources.  The  data  Is 
categorically  of  a design,  environmental  and  reliability  nature, 
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Ail  of  the  physical  characterises,  i.e.,  weight,  power,  volume,  in- 
ternal power  dissipation,  etc.,  of  the  candidates  were  compiled.  Part 
populations  and  elect.rieal/meehanlcal  stresses  of  the  constituent  parts  were 
determined.  The  available  Reliability  Demonstration  tests  documentation 
which  described  the  sequence,  levels  and  duration  of  individual  test  pro- 
grams were  reviewed  and  the  number  of  anomalies  during  these  tests  were 
recorded.  A review  of  the  3M  data  system  for  1973  indicated  the  in-field 
performance  in  teims  of  operating  time  and  failures.  In  addition,  all  of 
the  available  development  flight  instrumentation  data  for  the  subject  WRA's 
was  compiled  for  which  test  engineering  estimates  were  made  of  the  natural 
and  induced  environmental  conditions  erperienced  during  actual  flight.  All 
of  this  data  was  then  assimilated  in  such  a manner  as  to  permit  the  deter- 
mination of  reliability  measures  and  environmentally  related  differences. 

It  was  then  possible  to  develop  those  design,  test  and/or  environmental 
relationships  tfiat  seaned  to  contribute  most  significantly  to  the  reli- 
ability of  the  WRA's. 
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Section  III 

Environmental  Analysis 


3 • 1 A pproach 

This  section  describes  the  accumulation,  analysis  and  summary  of  the 
environmental  stresses  that  the  selected  equipments  were  exposed  to  daring 
laboratory  tests  and  in  the  field. 

Wherever  available,  reliability  demonstration  test  plans  and  reports 
were  reviewed  to  determine  the  environmental  levels  to  which  the  WRA's 
were  exposed. 

Field  environmental  data  derived  from  actual  measurements,  analysis 
and  actual  experience  as  published  in  technical  reports  were  compiled.  In 
those  cases,  where  actual  flight  measurements  were  not  available,  state-of- 
the-art  analytical  techniques  were  used  to  estimate  the  environmental  levels 
at  particular  locations. 

3 . 2 Demonr tration  Background 

The  Advisory  Group  on  Reliability  of  Electronic  Equipment  (AGREE) 
was  formed  in  19!; 2 by  the  Defense  Department's  Research  snd  Development 
Board  to  "monitor  and  stimulate  interest  in  reliability  and  recommend 
measures  that  would  result  in  more  reliable  electronic  equipment."  In 
1957 , after  two  years  of  study,  the  project  was  completed  and  a report 
issued  (Reference  (u)  ).  The  results  of  Task  Group  3 (there  were  nine 
groups  formed)  studies  included  recommendations  for  defining  test  parameters; 
accumulating  data  and  estimating,  reliability  figures  of  merit,  bn  St? cl  or*  the 
results  of  the  test.  The  Group  restricted  environmental  conditions  to 
temperature, vibration,  on-off  cycling  and  input  voltage  cycling.  Other 
conditions  such  as  humidity,  altitude  and  shock  were  purposely  omitted 
in  the  belief  that  vibration  arid  temperature  exposures  would  reveal  any 
marginal  equipment  design,  sensitive  to  the  untested  environments.  Cur- 
rent information  Indicates  that  the  premise  was  incorrect  and  that  failure 
modes  due  to  humidity  cr  altitude  exposure  are  not  duplicated  by  vibration/ 
temperature . 

The  environments  originally  selected  by  Task  Group  3 were  chosen  for 
the  following  reasons: 


19 


'Ti-mi'i-rn  tun  : The  tempers  lure  test  is  4 n tended  to  approximate  the 

Service  conditions  under  which  the  equipment  will  be  required  to 


Ojiera  to  . " 

"V i bru tion : This  is  not  intended  to  be  the  most  severe  condition 

encountered  but  is  felt  adequate  to  shew  u;j  workmanship  items 
such  as  loose  solder  joints,  loose  parts  such  es  screws,  bits 
of  wire,  etc.  This  test  is  to  be  performed  with  the  equipment 
mounted  solidly  on  the  vibration  table  without  shock  mounts . " 

"On-Off  Cycling:  This  test  is  primarily  to  give  the  equipment  a 

temperature  cycle,  causing  the  entire  equipment  to  ’breathe, ' 
ex;>and  and  contract,  be  exposed  to  the  surges  of  starting 
electrical  power,  plus  checking  actual  operation." 

"input  Voltage:  Varying  the  input  voltage  both  above  and  below 

the  normal  rated  voltage  places  a strain  on  the  various  circuits 
and,  since  this  is  a normal  condition  in  service,  will  reveal 
many  weak  conditions." 

Table  3 summarizes  the  stress  levels  of  the  environmental  conditions 
recommended  by  the  Group. 

This  represented  the  beginning  of  reliability  demonstration  testing 
end  the  requirements  were  incorporated  into  specification  MIL-R-26C6Y 
(US AF)  (Reference  (' 'j ) ),  followed  by  M1L-R -2309*4  (WKR)  (Reference  (6)  ), 
and  finally,  the  MIL-3TD-Y81  series  currently  in  effect. 

While  the  thermal  level  prescribed  may  be  adequate,  the  vibration 
requirement  and  the  lack  of  other  environment;-  (e.g. , humidity,  during 
the  test  period), are  unrealistic  based  on  data  and  studies  performed  by 
Grumman  Aerospace  Corp.,  the  Air  Force  Flight  pynBmics  Laboratory  at 
Wright-Fattcrson  Air  Force  Ifcse  and  others.  Certainly  the  vibration  test 
prescribed  did  not  duplicate  the  field  environment  for  Jet.  aircraft  (Ref- 
erence (y)  ).  In  addition,  the  constraint  of  testing  at  one  non-resonant 
frequency  immediately  precluded  the  detection  of  probiems  at  other 
frequencies  (Reference  (8)  ). 

As  previously  indicated,  the  temperature , on-off  cycling  and  power 
tests  wie  the  only  actual  mission-related  tests  performed.  Thus,  while 
the  reliability  demonstration  test  was  to  be  applied  as  purt  of  the 
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pro production  design  qualification,  tin.-  vibration  test  was  only  accompli  shed 
os  a workmonshi p 30reun . It  was  not  deliberately  structured  to  verify  any 
design  adequacy.  The  potential  deficiency  of  the  test,  however,  was  the 
exclusion  of  certain  hostile  but  actual  environments.  The  performance 
of  the  equipment  during  or  after  exposure  to  altitude,  high  humidity  con- 
ditions, a vuriation  of  the  input  power  frequency,  etc.,  were  not  demon- 
strated. Based  upon  Grumman 's  experience  and  the  field  date  examined  during 
this  study,  these  conditions  (either  singly  or  in  combination)  did 
eventually  cause  problems  and  were  therefore  considered  viable  areas  of  in- 
vestigation for  this  study. 

3 . 3 Demons  trail on  Envi ronments 

Each  of  the  equipments  selected  for  this  study  had  been  subjected 
to  a reliability  demonstration  test.  The  majority  of  the  units  were  tested 
to  the  environmental  profiles  of  MIL-STD-781  or  MIL-R-2309i+  (WEB),  which 
included  only  thermal  cycling,  on/off  ]>ower  cycling  and  fixed  frequency 
vibration  (see  figure  2).  No  voltage  cycling  was  performed  during  any 
of  the  reliability  demonstration  tests  conducted  on  the  selected  equipment. 
Input  voltages  were  maintained  within  the  equipment  specification  limits 
of  + 9$  and  -2$  of  nominal  during  all  oi  the  tests  conducted.  Power  was 
shut  off  periodically  during  each  cycle  (per  MIL-STD-781  requirements)  and 
then  reapplied  but  no  attempt  was  made  to  run  at  the  MIL-STL-78I  limits  of 
nominal,  90$  or  11.0$  of  nominal.  Certain  items,  however,  were  subjected  to 
unique  environmental  profiles,  which  included  humidity,  shock,  cooling  air 
flow  variations,  etc., which  were  intended  to  simulate  operational  conditions. 
An  example  of  this  vuriation  is  presented  in  Figures  3 through  5. 

Figure  3 depicts  the  test  cycle  (A)  that  was  applied  to  ambient 
cooled  equipment. 

Figure  1*  presents  a similar  cycle  (A)  applied  to  forced  air  cooled 
equipment.  Note  that  in  the  latter  case,  the  cooling  air  temperature  was 
varied  as  well  as  the  air  flow.  Figure  ^ is  a composite  cycle  which  in- 
cludes vibration,  shock  arid  a second  (or  "JB")  cycle  which  applied  to  some 
equipments (both  ambient  and  forced  air  cooled  equipment).  This  "B"  cycle 
was  performed  under  benign  laboratory  thermal  ambient  environments  plus 
cooling  air  at  u fixed  rate.  Each  "A"  cycle  was  followed  by  nine  "B"  cycles. 
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Shock  was  applied  at.  the  end  of  each  cycle  at  levels  of  4.0  g vertical 
and  2.8  g lateral.  The  vibration  environment  was  maintained  for  six 
hours  for  eecii  "A"  and  "B"  cycle  and  consisted  of  sweeps  10-50C-10  Hz,  and 
dwells  at  73.6  and  l4y,2  Hz. 

v* 

Levels  were: 

10  -4l  Hz.  at  0.018”  D.  A. 

4l  -500  Hz.  at  i 1.5  g 
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3 . 4 Field  Environments 

Current  eircraft  weapons  systems  are  exposed  to  a variety  of 
natural  and  induced  -invlronments  In  the  field.  The  magnitude,  duration 
and  recurrence  of  these  stresses  are  a function  of  many  operational 
parameters,  some  of  which  ere  predictable  and  others  which  are  not. 

Ideally,  new  equipment  designs  incorporate  reasonable  margins  of  safety 
to  permit  successful  operation  during  or  after  ouch  exposures . In 
actuality,  however,  some  of  these  design  practices  are  not  completely 
adhered  to  because  of  other,  equally  critical,  programmatic  constraints 
(e.g.,  cost,  weight,  power,  location,  etc.).  Equipment  may  be  subjected 
to  conditions  which  are  neither  expected  nor  capable  of  being  protected 
agaln3t  and  consequently  not  tested  for.  When  equipment  is  then  deployed 
in  the  field,  a certain  percentage  of  them  failed  because  of  the 
local  conditions.  These  environmentally  induced  failures  may  be 
attributable  to  the  stress  level  or  duration  or  because  of  the  coincidence 
of  the  stress  with  other  operational  conditions.  In  order  to  correlate 
the  field  data  to  particular  nor-’oenign  cpnditlons,  potential  environ- 
mentally induced  equipment  failure  mechanisms  were  identified  end  are 
summarized  in  Table  4.  The  study  performed  by  Grumman  for  the  Air  Force 
Flight  Dynamics  Laboratory,  V.'right-Ftetterson  Air  Force  Base  (Reference  (l)), 
plus  e review  of  current  laboratory  and  field  data.  Indicate  that  of  the 
total  possible  environments  existing,  seven  are  responsible  for  essentially 
all  of  the  failures  related  to  environmental  causes.  Figure  6 depicts 
the  distribution  of  failures  as  a function  of  these  environrents , Temper- 
eture,  vibration  and  moisture (including  salt  spray  )accounted  for  90%  of  the 
environmental  failures.  Thus,  the  study  effort  concentrated  on  the 
investigation  of  these  environments  and,  to  a lesser  degree,  evaluated  the 
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AND  PROBABLE  EFFECTS  ON  AVIONIC  EQUIPMENT 
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TABLE  b - POTENTIALLY  DEGRADING  ENVIRONMENTS 

AND  PROBABLE  EFFECTS  ON  AVIONIC  EQUIPMENT  ( Conti niied) 


29 


TABLE  4 - POTEOTIALLY  DEGRADING  ENVIRONMENTS 

AND  PROBABLE  EFFECTS  OH  AVIONIC  EQUIPMENT  (Continued) 
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Coaroic  Sun,  other  sources.  Short  term  ionization.  Spurious  electric  F 

These  are  rays  with  Generally  no  serious  may  affect  computers. 

I enough  energy  to  reach  effects, 

earth 


JAdLE  14  - POTENTIALLY  DEGRADING  ENVIRONMENTS 

AND  PROBABLE  EFFECTS  ON  AVIONIC  EQUIPMENT  (Continued) 
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TABLE  4 - POTENTIALLY  DEGRADING  ENVIRONMENTS 

AND  PROBABLE  EFFECTS  ON  AVIONIC  EQUIPMENT  (Continued) 
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FIGURE  6 DISTRIBUTION  OF  ENVIRONMENTALLY  RELATED  FIELD  FAILURES 
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effects  of  altitude  and  input  power. 

3 . U . 1 Thermal  Environment 

Physical  Considerations  - The  parameters  that  define  the 
thermal  environment  for  a particular  WRA  are  a function  of  the  inter- 
relationships that  exist  between  the  thermal  characteristics  of  the  WRA, 
the  cooling  methods  employed  and  the  features  of  the  environmental  control 
system.  Thus,  in  order  to  assess  the  WRA  thermal  environment , some 
initial  understanding  of  how  these  are  considered  in  the  design  process 
is  necessary.  It  is  usually  a design  requirement  to  maintain  aircraft 
compartment  temperatures  within  the  limits  specified  in  MIL-E-5U0O. 
Parameters  which  affect  the  compartment  temperature  include  the  structural 
heat  load  due  to  aerodynamic  heating  (or  cooling),  the  heat  dissipated 
by  the  avionics  and  the  flow  rate  and  temperature  of  cooling  air  which 
enters  the  compartment.  The  cooling  air  may  be  provided  by  a combination 
of  the  aircraft  air-conditioning  pack,  a ram  air  scoop  and  cascade  flow 
from  adjacent  compartments.  For  compartments  where  dissipations  are  low, 
the  temperature  can  be  maintained  simply  by  the  aerodynamic  heat  leak. 

For  this  condition,  the  electronic  heat  load  will  exactly  balance  the 
aerodynamic  heat  load.  Once  the  temperature  limits  have  been  specified 
for  a given  compartment,  cooling  requirements  for  the  individual  avionics 
boxes  or  groups  of  equipment  must  be  investigated.  The  major  consideration 
in  the  thermal  design  of  avionics  is  the  operating  temperature  limit  of  the 
electronic  components  within  the  box.  This  component  temperature  limit 
dictates  the  cooling  method  required,  i.e.,  ambient  cooling,  fan  cooled, 
forced  air  cooled  or  ram  air  cooled. 

Ambient  cooling  refers  to  a box  whose  power  dissipation  is 
sufficiently  low  such  that  natural  convection  and  radiation  maintain  all 
components  below  their  operating  limit. 

A fan  cooled  box  is  typically  one  whose  power  dissipation  warrants 
circulation  of  the  compartment  ambient  air  through  the  unit  to  maintain 
it  at  satisfactory  temperatures.  The  circulation,  which  is  achieved  by 
use  of  a blower, increases  the  heat  transfer  between  the  components  and  the 
ambient  air. 
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Avionics  boxes  which  have  high  power  dissipation  or  which  require 
accurate  temperature  control  (such  as  gyros)  are  usually  forced  air  cooled. 
This  means  that  air  at  a controlled  temperature  and  flow  is  forced  through 
the  box  f<>r  control  of  its  internal  temperature  - The  cooling  air  can  be 
supplied  by  the  air-conditioning  pack,  a ram  air  scoop  or  cascaded  flow 
from  a compartment  which  is  actively  controlled  (such  as  the  cockpit). 

The  thermal  design  of  the  box  includes  a specific  requirement  of  cooling 
air  flow  rate  variation. 

Thus  the  definition  of  environment  that  an  avionic  equipment  sees 
is  dependent  upon  the  cooling  method.  For  ambient  cooled  boxes  and  boxes 
that  contain  an  internal  blower,  the  environment  is  totally  defined  by  the 
compartment  ambient  temperature.  The  environment  for  forced  air  cooled 
equipments  is  defined  primarily  by  the  cooling  air  temperature  and  flow 
rate  and  secondarily  by  the  compartment  ambient  temperature.  For  the 
particular  case  of  equipments  which  are  ram  air  cooled,  the  environment 
is  defined  by  the  ram  air  temperature  r. nd  flow  rate. 

Since  the  local  environment  of  ...  particular  WRA  is  so  dependent 
on  the  conditioned  air,  a brief  understanding  of  the  function  and  design 
of  an  aircraft  environmental  control  system  is  presented  to  provide  some 
insight  into  the  thermal  control  process.  The  heart  of  an  aircraft  ECS 
is  the  air-conditioning  pack,  shown  schematically  in  Figure  7,  which 
provides  the  source  of  cooling  air  at  a controlled  temperature. 

High  temperature,  high  pressure  air  is  bled  from  the  aircraft 
power  plant  and  pass'd  through  a ram  air/bleed  air  heat  exchanger  where 
the  temperature  is  cooled  by  the  ram  air,.  The  cooled  bleed  air  is  then 
allowed  to  expand  through  a turbine  where  the  air  temperature  is  lowered 
by  the  expansion  process.  In  the  expansion  process,  the  bleed  air  is 
allowed  to  do  work  on  the  turbine,  thus  resulting  in  lower  tempera tures . 

It  is  not  uncommon  for  temperatures  as  low  as  -65°F  to  be  achieved.  The 
turbine  outlet  temperature  can  then  be  controlled  by  various  means,  such 
as  addition  of  hot  bleed  air  for  reheating.  Compartment  temperature 
control  and  avionics  cooling  is  provided  by  use  of  conditioned  air  used 
in  conjunction  with  other  thermal  control  devices  and  techniques,  such  as 
heaters,  flow  control  devices  and  supplementary  ram  air  cooling.  Figure  8 
illustrates  some  of  the  interrelationships  that  must  be  considered  in  the 
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design  of  an  environmental  control  system. 
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FIGURE  8 ENVIRONMENTAL  CONTROL  SVSTEM  PERFORMANCE  MATRIX 

As  indicated  previously,  aircraft,  avionics  are  designed  to  perform 
within  'the  temperature  limits  as  specified  by  MIL-E-5>hCO.  While  these 
limits  may  be  approached  under  certain  conditions,  they  are  extremes  in 
the  flight  envelope  and  in  actual  operation,  compartment  temperatures 
will  be  well  within  the  high  and  low  limits.  In  most  instances,  actual 
compartment  touperuture  limits  may  be  well  below  the  operating  limit  on 
hot  day  and  above  the  cold  day  limit.  Hot  day  and  cold  day  refer  to  the 
design  levels  of  outside  temperature  versus  altitude  as  specified  in  ANA 
Bulletin  1*31.  The  actual  operating  point  of  a compartment  is  estab- 
lished based  on  the  combined  effeen  of  such  operational  parameters  as 
altitude,  Mach  number  and  outside  ambient  temperature,  as  well  as  air  con- 
ditioner performance  characterists. 

Table  5 sunrnjarlzes  the  first  order  effects  of  the  operational 
pM-ametero  on  compartment  trasperature,  ram  temperatures  and  air 
conditioner  performance.  Each  of  the  relationships  shown  assumes  that 
all  parameters  remain  constant  except  for  the  one  being  considered. 

While  the  Table  generally  tries  to  identify  the  major  environmental 
effect,  of  changes  in  aircraft  altitude,  aircraft  Bpeed  and  outside  air 
temperature,  many  competing  interrelationships  exist.  Thus,  the  net 
effect  of  variation  in  all,  parameters  can  only  be  arrived  at  by  flight 
test  measurement  of  detailed  analysis.  For  example,  the  effect  of 
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increasing  aircraft  speed  on  air-conditioner  turbine  outlet  temperature 
can  not  be  generalized  until  sll  the  system  characteristics  are  defined 
(e.g.,  the  specific  design  oi  the  air  conditioner  ram  air  heat  exchanger). 

An  increase  in  the  aircraft's  velocity  will  result  in  an  increase  in  ram 
air  temperature  as  well  as  an  increase  in  ram  air  flow  rate.  The  resulting 
temperature  of  engine  bleed  air  exiting  the  heat  exchanger  can  be  higher 
due  to  the  increased  air  temperature  from  the  engines  and  increased  ram 
air  temperature,  or  it  cen  be  lower  due  to  the  increase  in  the  ram  air 
flow  rate.  As  a result,  one  cannot  generalize  in  advance  about  the 
effect  of  velocity  increase  on  air-conditioner  turbine  outlet. 

Data  Collection  and  Analysis 

Compartment  ambient  temperatures  are  measured  during  the  flight  test 
program  for  various  portions  of  the  flight  profile.  Based  on  these 
measured  tempera tures , heat  transfer  coefficients  are  calculated  to  provide 
heat  infiltration  or  loss  to  adjacent  compartments  and  infiltration  or  loss 
through  the  skin  of  the  aircraft.  Using  these  calculated  values  of  heat 
transfer  coefficients,  the  observed  compartment  ambient  temperature  can  then 
be  extrapolated  to  hot  and  cold  day  conditions.  These  latter  values  are 
those  which  have  been  used  in  this  study. 

The  following  sample  calculations  indicate  how  the  embient  temperature 
extremes  were  determined  for  the  nose  compartment  of  one  of  the  study 
aircraft.  The  equation  for  overall  heat  balance  is: 

SffiRO  + Slect.  + Slow  n*  Slow  out  ° 

where:  Q = Aerodynamic  Heating  (or  Cooling) 

AERO 

Sl£CT  = Power  Dissipation 

= Thermal  Flow  Energy  Into  or 
Out  of  Compartment 

where:  = m Cp  (TIN  “ TCOMPT) 

* “Mass  Flow  Rate 

^ ^Specific  Heat 
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IN 

TCOMFT , 

Substituting  for  <J 

f LOW : 

SvERO 


= Flow  Temperature  In 
= Compartment  Temperature 


S;i£CT.  + m C (T 


) 


p v IN  COMF1 , = 0 


Values  for  each  of  the  equation  terms  were  obtained  as  follows; 

e Q in  the  measured  (laboratory)  power  dissipation  of  the 

avionic  equipment  located  in  the  compartment, 

• T and  m were  obtained  from  laboratory  tests  of  the  actual 

■l.N 

flight  cooling  system. 

« Q. was  obtained  from  flight  data  heat  load  curves  which 

•Aii.no 

arc  a function  of  ambient  temperature,  Mach  number,  altitude 
and  compartment  ambient  temperature,  For  the  maximum  compartment 
temperaturo  (sea  level  and  Vy^  conditions),  the  heat  load 
cutvce  for  extreme  hot  day  conditions  (Figure  9}  were  used,  For 

i 

minimum  compartment  temperature  (altitude  and  minimum  velocity 

Q 

f to  preclude  aircraft  stall)  .AERO  for  an  extremely  cold  day  was 

determined  from  the  heat  load  curves  of  Figure  10, 

Utilizing  the  values  sc  obtained,  T , was  then  calculated  from  the 
heat  balance  equation.  The  final  determination  was  an  iterative  process 
wherein  a compartment  temperature  vrao  assumed  and  the  heat  balance  equation 
solved.  This  process  continued  until  the  assumed  value  equaled  the  cal- 
culated value.  To  illustrate  how  this  procedure  was  followed  for  maximum 
temperature  conditions,  assume 

Wt  •**>  •"A*- 

it  - 2280  lbs. /hr.  at  8o°F 

€ = 0.2‘p  BTU/lb.  - °F 

P 


FIGURE  9 TYPICAL  AIRCRAFT  HEAT  LOAD  — HC-  DA. 


From  Figure  9; 
temperature  of  60°F. 


15 ,<'00  FfU/hr.  at  a compartment 


Q 


'AERO 


AERO  - 600  BTU/Hr.  at  a compartment  temperature  of  l6o°F. 

Step  1 

Afleurae:  tcomft  = 120° 

QAER0  at  this  temperature  is  determined  by  interpolation 
between  the  given  values, 

SiERO  = 6440 

Solving  the  heat  balance  equation: 

0 - 6440  + 9620  + (22fi0)  (.2b)  (60  - T 1 

' v COMP' 

From  which: 

T = i ni 0 

COMP  lcu 

But:  Computed  value  (101°)  / assumed  value  (120°) 


step 

Assume:  TCQMpr  = loo° 

Then;  (by  interpolation)  ■ 9360 

Solving: 

0 - 936C  4 5620  1 (220c)  (,?b)  (80-T  ) 

COMP 

From  which: 


J 


^CCMPT  ” ^•o6° 

But:  106°  y'  100° 

Assume:  t * lc,^° 

C0MPT  10 

Then:  S\FR0  (by  in  ter]  tola  t ion ) = 6630 
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Solving: 


0 « 6630  + 5620  + (2200  X. 25)  (60-TCOMr,r) 


From  which: 


T 

COMFT 


10t> 


Since  the  computed  value  equals  the  assumed  value  the  process  stops  and 
105°F  is  the  maximum  comj)artment  temperature. 


The  above  type  of  analysis  applies  to  compartments  which  have  no 
active  means  of  temj>craturc  control.  For  a controlled  comportment  (such  us 
the  cockpit),  the  design  limits  are  given  and  have  been  verified  during  the 
flight  teat  program. 

A3  previously  indicated,  the  thermal  environment  experienced  by  a 
black  box  is  a function  of  mission  fir  of  lie  and  location  within  the  aircraft. 
One  common  phenomenon  which  has  been  observed  is  that  all  comjxirtment 
ambient  temperatures,  experience , to  some-  extent,  a thermal  cycling  effect 
whose  frequency  is  much  greater  than  that  required  by  MIL-STD-781 . To 
illustrate  this,  two  typical  curves  arc  presented  for  compartment  temper- 
ature variations  as  n function  of  altitude  and  speed.  Figure  11  shows 
thermal  variations  within  a fuselage  compartment  of  a turbojet  aircraft, 
it  can  be  seen  that  there  is  a correspond! ng  change  in  the  absolute  value 
of  compartment  temperature  when  steady  stute  values  of  speed  and  altitude 
changes.  In  addition,  when  rapid  variations  In  these  flight  parameters 
occur,  t hemal  effects  become  apparent. 

Figure  12  represents  the  nose  compartment  thermal  profi  ic  for 
another  turbojet  aircraft  and  indicates  u wide  variation  in  temperature 
for  changing  flight  condition:,.  In  tills  ease  the  two  cyclical  variations 
of  approximately  30  to  ho  minutes  duration  are  apparent.  By  comjxtrison, 
the  thermal  cycle  presently  defined  by  M1L-STD-Y61  encompasses  a six  hour 
period » 

Forced  air  cooled  boxes  effectively  shield  the  electronic  components 
from  changes  in  conijartmerit  ambient  temperature . The  ojarating  temperatures 
of  the  components  within  the  box  arc  usually  established  by  the  temperature 
and  flow  rate  of  the  cooling  air. 
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The  cooling  air  How  rates  arc  baaed  on  measured  data  taken 
d i.i r 1 1 ig  laboratory  tests  and  later  verified  In  the  flight  test  program, 
.depurate  teoto  were  conducted  to  determine  the  performance  of  the  air 
conditioning  pack  arid  flow  splits  to  the  various  avionics  boxes.  The  flow 
required  for  each  fan  cooled  box  1b  a function  of  the  power  dissipation  and 
the  cooling  air  supply  temperature.  The  worst  case  condition  for  each  box 
is  determined  and  the  required  flow  to  the  box  is  supplied.  At  all  other 
conditions,  the  box  will  receive  a flow  In  excess  of  that  required  to 
satisfy  the  heat  load  and  therefore  will  cool  the  box. 

The  flows  established  in  the  laboratory  testing  are  then  verified 
in  actual  flight  testing.  A typical  plot  of  cooling  air  temperature  is 
provided  in  figure  lj.  The  data  represents  two  minutes  of  dynamic 
maneuvering  during  a test  flight  of  a turbojet  aircraft  and  shows  that, 
although  the  cooling  air  supply  temperature  is  controlled  within  specified 
limits,  same  thermal  transients  are  evident.  In  utilizing  this  data,  it 
must  be  understood  that  it  represents  absolute  temperatures  and  temperature 
variations  observed  within  the  control  loop  of  the  air  conditioner  system. 
The  data  was  obtained  by  sensors  in  the  outlet  alrstrenm  and  therefore 
does  not  include  the  damping  effects,  imposed  by  the  downstream  ducting 
und  other  thermal  masses,  which  may  be  evidenced  at  the  inlet  of  a partic- 
ular WM.  This  representation  of  the  typical  response  of  the  air  condi- 
tioner control  loop  indicates  that  although  shurp  Instantaneous  rates 
of  change  (up  to  90oF/m:mute)  no  exist  undamped  for  sever  1 seconds,  at 
no  time  during  these  transients  does  the  absolute  cooling  air  temperature 
vary  outside  of  the  control  setting  of  3t  + b°F.  This  type  of  variation 
If  character:!.  >5  U c of  environmental  control  systems. 

Data.  Presentation 

Tables  b*l  and  b-P.  of  Appendix  b previent  the  laboratory  and  field 
th-'iirinj,  environments  for  each  black  box.  Table  B-l  includes  the  compart- 
ment ambient  b'.r  turipej  ature  parameters  and  Table  B~2  presents  the  pertinent 
ncsllng,  air  and  thermal  jxirameters  for  those  WRA’s  requiring  supplemental 
cooling.  These  valua-p  wen.  obtained  l/i  the  manner  described  above  and  rep- 
resent the  extreme  conditions  based  on  cold  day,/ coldest  mission  and  hot  day/ 
hottest  mission.  While  the  rates  of  change  presented  in  the  Tables  cover 
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the  average  rates  during  u maneuver,  instantaneous  rates  of  change  can  be 
much  higher  for  very  abort  durations.  Therefore,  since  the  data  presented 
in  the  Tables  represent  those  steady  state  conditions  which  occur  at  ex- 
tremes in  flight  envelope,  the  average  rates  presented  should  be  used  in 
the  transition  from  one  point  to  the  other.  The  Indicated  duration  at 
temperature  extremes  were  referenced  to  laboratory  test  time  anajwere  calcu- 
lated by  defining  the  percentage  of  time  the  aircraft  remained  at  similar 
extremes  (for  a composite  mission)  and  multiplying  this  percentage  by  total 
test  operating  hours.  The  values  so  obtained  could  then  be  compared 
directly  with  laboratory  test  durations  under  similar  conditions.  Rates 
of  change  listed  for  each  item  are  the  moximums  encountered  in  flight. 

The  delta  columns  represent  the  difference  between  laboratory  and  field  and 
the  rule  established  was  ''field  minus  laboratory."  Hence,  a positive  sign 
denotes  that  the  field  value  was  greater  and  a negative  sign  indicates  a 
lower  field  condition.  For  temperature  differences  a negative  sign  was 
bracketed  to  avoid  confusion  with  sub-zero  temperatures. 

.bgmonstratlon/Field  Comparisons 

A BUi.unary  of  compartment  ambient  air  parameter  comparisons  between 
the  laboratory  and  the  field  Is  shown  in  Table  6.  It  indicates  that  the 
bulk  of  the  ambient  cooled  WKA's  see  a field  temperature  environment  that 
is  less  extreme  and  for  a shorter  duration  than  they  are  exposed  to  in  the 
laboratory.  Most  of  the  group,  however,  experienced  greater  rates  of  change 
it]  the  field.  The  same  conclusions  weie  reached  for  forced  air  cooled 
WRA's  with  the  exception  of  the  high  temperature  level  and  total  duration. 

It  appears  that  more  of  these  WRA's  experience  higher  ambient  temperatures 
for  longer  periods  of  time  in  the  field  than  in  the  laboratory.  This, 
however,  is  to  be  expected  since  the  operational  consideration  of  antici- 
pated high  temperature  (ambient)  dictated  the  requirement  for  supplemental 
cooling. 

A similar  survey  of  cooling  air  parameters  between  laboratory  and 
field  for  those  WRA's  that  are  supplementary  cooled  is  presented  in  Table  7. 
It  shows  that  the  cooling  air  tanperature  a!id  the  rate  of  charige  thereof 
is  at  least  as  extreme  as  in  the  field,  for  the  greater  majority  of  the 
WRA's.  Flow  extremes  appear  to  be  higher  In  the  field,  in  that  more  WiiA'G 


TABLE  6 SUWARY  COMPARISON  OF  C< 


had  minimum  and  maximum  flow  rates  greater  than  the  corresponding  laboratory 
rates.  Higher  flow  rates  at  a given  cooling  air  temperature  tend  to  provide 
more  cooling  capacity.  However,  the  higher  flow  rates  do  give  rise  to  high 
thermal  gradients  and  more  rapid  transients  during  environmental  changes. 

As  a result,  it  is  possible  that  the  higher  flow  rates  are  subjecting  the 
internal  components  of  the  WRA  to  higher  stresses  In  the  field.. 

3.1*.  2 Vibration 

In  order  to  determine  the  dynamic  environment  experienced  by  a WRA, 
seme  understanding  of  the  definitions,  specific  sources,  and  operational 
factors  influencing  this  environment  is  first  necessary. 

The  input  energy  to  an  equipment  may  generally  be  random,  sinusoidal, 
or  a combination  of  both  in  character.  Random  vibration  is  that  displaee- 
ment  whose  instantaneous  magnitude  is  not  specified  for  any  given  instant  of 
time.  The  instantaneous  magnitudes  of  a random  vibration  are  specified 
only  by  r'robability  distribution  functions  giving  the  probable  fraction 
or  the  total  time  that  the  magnitude  lies  within  a specified  range. 

Random  vibration  contains  no  periodic  or  quasi-periodic  components- 
Sinusoidal  vibration,  on  the  other  hand,  is  a simple  harmonic  motion 
such  that  the  displacement  is  a sinusoidal  function  of  time.  Since  the 
combination  of  both  is  observed  in  aircraft,  it  is  Important  to  examine 
the  time  history  for  each  data  point  prior  to  determining  the  method  of 
data  analysis.  In  the  case  vhere  there  are  steady  3tate  events,  specifi- 
cally -where  any  dynamic  system  is  acted,  upon  by  a definite  force  system 
that  will  follow  a definite  cycle  of  events,  such  as  those  that  occur 
during  takeoff,  cruise  and  high  speed  flight,  a narrow-band  Power  Spectral 
Density  (PSD)  analysis  is  recommended.  These  PSD  playbacks  reveal  a 
broadband  random  base  with  a series  of  sinusoidal  responses  at  specific 
frequencies,  for  transient  events,  i.e.,  when  any  phenomena  which  occur 
during  the  time  required  for  the  response  to  adapt  itself  fresn  one  force 
system  to  another,  such  as  those  situations  during  catapult  launch, 
arrested  landing,  buffet,  abrupt  manuevere,  etc.,  a transient  data  analysis 
that  examines  the  peak  values  and  the  number  of  occurrences  is  performed, 
and  its  damage  potential  Is  evaluated  as  a function  of  aircraft  mission 


or  event  exposure. 

The  vibration  input  a WRA  experiences  is  the  combined  effect  of 
several  mechanical,  acoustic,  and  aerodynamic  phenomena.  The  aircraft's 
propulsion  system  is  one  of  the  major  sources  of  vibration.  It  produces 
vibration  both  mechanically  and  by  generating  noise.  Mechanical  vibra- 
tional responses  from  the  engine  arc  due  to  the  unbalance  existing  in 
the  rotational  parts  of  the  engine.  The  fundamental  frequencies  and 
their  harmonies  are  directly  proportional  to  the  operating  speeds  of  the 
engine.  Noise  vibrations  are  caused  by  the  turbulent  mixing  of  the 
high  velocity  exhaust  gas  with  the  ambient  atmosphere. 

Auxiliary  systems  such  as  electric  motors,  hydraulic  pumps  and 
actuators,  environmental  control  systems,  etc.,  also  cause  vibration.  The 
vibration  responses  are  due  to  the  unbalance  in  the  rotating  parts  and 
the  frequencies  directly  proportional  to  their  operating  speeds, 

Buffet  and  boundary  layer  effects  are  generally  the  major  contributors 
to  vibration  from  aerodynamic  influences.  Buffet  vibrations  result  when 
the  structure  of  the  aircraft  is  forced  to  respond  when  subjected  to  un- 
steady aerodynamic  forces.  Boundary  layer  vibrations  are  due  to  the 
pulsations  in  the  turbulent  boundary  layer  that  result  from  dominant  sound 
pressure  loads  impinging  on  the  aircraft. 

Additional  sources  of  vibration  resulting  from  specific  mission  or 
operational  conditions  of  use  are  gunfire,  taxiing,  catapult  launch,  and 
arrested  landing.  Gunfire  caused  vibrations  are  due  to  the  firing  rate 
of  the  gun.  The  gunfiring  forces  contain  integral  harmonics  of  the 
fundamental  firing  rate  frequency  and  the  responses  include  the  effects 
of  impulsive  loadings  on  the  structure  by  gun-muzzle  blast.  Taxiing 
vibrations  are  caused  by  vertical  response  of  the  airplane  to  irregulari- 
ties and  wavlness  of  the  taxiway  surfaces.  IXiring  catapult  launch,  struc- 
tural dynamic  response  and  transient  vibrations  occur  when  a sudden 
auxiliary  thrust  is  added  to  the  aircraft's  tlirust  to  effect  a launching 
into  flight  with  minimal  travel  down  a runway.  Arrested  landing  pro- 
duces dynamic  transient  vibration  when  the  aircraft  lands  and  its 
forward  velocity  is  abruptly  halted  by  the  aircraft's  arresting  hook 
catching  a deck  cable. 
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Inasmuch  as  the  propulsion  system  has  been  identified  as  one 
of  the  major  sources  of  vibration,  the  aircraft  selected  for  this  study 
hud  different  propulsion  eystans  and  flew  different  types  of  missions. 
Aircraft  equipped  with  the  following  engines  were  selected  for  this  study: 
turbojet;  turbofan  with  afterburner;  and  constant  speed  turboprop.  A 
turboprop  engine  is  a gas  turbine  in  which  the  turbine  provides  power  in 
excess  of  that  required  to  drive  the  canpreseor,  and  that  excess  power  is 
used  to  drive  a propeller  constituting  approximately  80%  of  the  total 
thrust  with  the  remaining  20%  from  jet  thrust.  A turbojet  engine  is  a 
gas  turbine  in  which  no  excess  power  (above  that  required  by  the  compressor) 
is  supplied  by  the  turbine.  The  available  energy  in  the  exhaust  gases  is 
converted  to  kinetic  energy  of  the  jet.  A turbofan  is  similar  to  a turbo- 
prop except  that  the  excess  power  is  used  to  drive  a fan  or  low  pressure 
compressor  in  an  auxiliary  duct,  usually  annular  around  the  primary  duct. 

In  an  aft  turbofan,  an  aerodynamically  coupled  turbine  is  usually  used 
to  drive  the  low  pressure  ratio  duct  compressor  (fan).  An  afterburner 
can  be  used  in  any  of  these  above  devices  to  give  additional  thrust  at 
the  expense  of  fuel  economy.  Additional  fuel  is  added  to  the  exhaust  gases 
and  burned,  thereby  increasing  the  temperature,  the  jet  velocity,  and  the 
thrust.  The  turbojets  and  turbofan,  herein  referred  to  as  jets,  have 
engines  mounted  in  the  fuselage  and  the  turboprop  has  one  engine  mounted 
on  each  wing. 

Each  of  the  aircraft  chosen  for  this  study  was  designed  to  accom- 
plished a different  primary  mission.  Thus  the  vibration  levels  measured 
in  these  aircraft  is  representative  of  a good  cross  section  of  aircraft 
environment.  The  primary  mission  and  brief  description  of  each  aircraft 
is  as  follows: 

• Aircraft  No.  1 « — This  aircraft  is  designed  specifically  for  air 
defense.  It  has  two  turbojet  engines  without  afterburners  mounted  in  the 
mid-fuselage,  and  contains  electronic  equipment  forward  and  aft  of  the 
engine  compartment . 

• Aircraft  No.  2 — This  aircraft  Is  designed  specifically  for 
attack  missions.  It  has  two  turbojet  etigines  without  afterburners 
mounted  in  the  mid-fuselage,  carries  various  external  missiles  and  lias 


a large  number  of  electronic  units  mounted  forward  and  aft  of  the  engine. 

• Aircraft  No.  3 — This  aircraft  is  designed  specifically  for 
fighter  missions.  It  has  two  turbofan  engines  with  afterburners.,  mounted 
in  the  aft-fuselage,  carries  a wide  variety  of  weapons,  and  has  a large 
number  of  electronic  units  mounted  forward  of  the  engine. 

• Aircraft  No.  4 — The  primary  mission  of  this  aircraft  is  early- 
warning.  It  has  a turboprop  engine  mounted  on  each  wing  and  has  electronic 
equipment  installed  throughout  the  entire  fuselage. 

Data  Collection  and  Analysis 

The  information  employed  in  this  study  was  gathered  to  substantiate 
the  operational  environment  for  equipment  installed  in  the  fuselage  of 
various  aircraft.  In  particular,  the  vibration  data  examined  in  this 
study  was  only  associated  with  the  steady  state  portion  of  any  given 
flight  or  mission.  The  conditions  examined  includes  ground  operations/ 
take-off,  cruise,  high  speed  flight,  and  landing,  but  only  those  conditions 
producing  the  highest  steady  state  levels  were  analyzed  in  detail.  A 
review  of  the  data  analysis  revealed  the  most  severe  conditions  occurred 
at  maximum  engine  power  during  ground  operations/take-off  and  maximum 
speed  at  low  altitude  (5000  feet).  Also  included  in  the  responses  was 
the  energy  associated  with  the  various  on-board  mechanical,  electrical 
and  hydraulic  input  sources  (auxiliary  systems). 

Vibration  measurements  were  acquired  utilizing  an  Endevco  piezo- 
electric crystal  accelerometer  that  combines  high  sensitivity,  broad 
temperature  range,  high  resonant  frequency  and  high  capacitance  into 
a lightweight  reliable  sensor.  At  each  measurement  location  a tri-axial 
cluster  of  accelerometers  was  installed,  such  that  the  minimum  resonant 
frequency  of  the  installation  was  greater  than  600  Hertz. 

These  instrumentation  locations  were  chosen  to  describe  the  operational 
vibration  environment  for  equipment  installed  on  Internal  shelving  in  the 
study  aircraft.  The  locations  varied  throughout  the  fuselage,  from  the 
nose  to  the  rear  of  the  aircraft.  The  data  acquisition  system  for  each 
aircraft  consisted  of  a sixteen  track  hybrid  tape  recorder  capable  of 
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recording  four  tracks  of  proportional  bandwidth  analog  data.  The  data 
was  roducod  on  a (Ubiquitous)  Real  Time  Power  Spectral  Density  (PSD) 
System  (up  to  500  Hertz).  This  system  is  comprised  of  a highly  sophist! 
cated  group  of  equipment  for  analyzing  sinusoidal,  transient,  or  random 
signals  in  the  shortest  time  possible.  Since  the  jet  aircraft  environ- 
ment consisted  of  low  level  randan  and  high  level  narrow  band  spikes, 
the  choice  of  filter  for  PSD  analysis  was  predicated  on  good  data  resolu 
tion.  An  accepted  rule  of  thumb,  developed  from  past  experience,  for 
choosing  a filter  bandwidth  is  to  use  one-quarter  of  the  bandwidth  of 
the  lowest  frequency  response  desired.  Based  upon  that,  a 3*3  Hertz 
bandwidth  filter  was  utilized  for  the  PSD  analyses  in  this  study.  A 
data  sample  length  of  20  seconds  was  analyzed  yielding  128  degrees  of 
freedom  required  for  good  statistical  quality.  In  the  case  of  the 
turboprop  engine  which  rotates  at  a constant  speed  (1106  RFM),  prior 
analyses  indicate  that  the  environment  is  predominantly  sinusoidal.  It 
was  therefore  possible  to  analyze  10-15  second  time  samples  with  1.6 
Hertz  bandwidth  filter  to  obtain  good  resolution. 


Data  Presentation 


The  equipment  vibration  data  gathered  for  this  study  are  presented 
in  Appendix  C,  Figures  1 through  17,  which  are  summarized  below. 
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The  plots  are  in  one  of  two  forms,  depending  on  the  type  of  propulsion: 

• PSD  (g^/Hz)  versus  frequency  for  the  three  jet  aircraft 

• acceleration  (g)  peak  versus  frequency  for  the  turboprop  aircraft 

Each  plot  indicates  the  fuselage  station  (F.S.)  measured  in  inches 
back  from  the  nose  of  the  aircraft,  at  which  the  measurement  was  taken. 

The  axis  of  measurement  for  each  data  point  is  also  identified.  Ground 
take-off  measurements  are  identified  for  those  situations  where  they  are 
larger  than  comparable  flight  measurements. 

As  indicated  previously  there  was  no  new  flight  test  data  acquired 
for  this  study.  The  intent  was  to  match  existing  vibration  data  at 
various  aircraft  equipment  locations,  nearest  those  WRA's  selected.  Since 
the  aircraft  examined  in  this  study  contains  a large  number  of  equipment 
because  of  their  specific  type  mission,  a major  portion  of  these  aircraft 
are  compartment! zed.  Thus  it  was  possible  in  seme  cases  to  utilize  one 
measurement  to  describe  the  vibration  environment  of  several  WRA's.  There- 
fore, there  are  situations  herein,  where  several  boxes  are<  Inscribed  by 
one  figure,  while  is  same  cases  there  is  one  figure  defining  the  vibration 
environment  on  only  one  WRA. 

Seme  observation  that  were  made  after  a review  of  this  data  are  as 
fellows . 

For  aircraft  #1,  the  engine  exhaust,  inpinging  on  the  fuselage,  pro- 
duced relatively  severe  vibration  levels  in  the  aft  fuselage.  Utilizing 
the  3.3  Hz.  bandwidth  filters,  the  data  disclosed  narrow  band  random  peaks 
at  structural  modes  (e.g.,  fuselage  vertical  bending  and  torsion)  and 
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engine  rotation  speeds  superimposed  on  a low  level  broad  band  random  base. 

Aircraft  **2  which  is  powered  by  two  turbojet  engines  located  at  the 
mid  fuselage,  has  the  equipment  of  interest  for  this  study  forward  of  the 
engines.  The  vibration  environment  is  a low  level  broad  band  random  spectmn 
with  narrow  band  spikes  associated  with  engine  operational  rotational  speeds, 
structural  modes  and  other  major  accessory  drive  systems. 

The  main  power  source  for  aircraft  #3  is  two  turbofan  engines  with 
afterburner,  mounted  in  the  aid:  fuselage,  with  no  fuselage  exhaust  impinge- 
ment. The  vibration  environment  was  primarily  low  level  broad  band  and 
narrow  band  peaks  (associated  with  engine  rotational  speeds  and  structural 
modes)  with  the  engine  rotational  vibration  effects  becoming  less  pronounced 
in' the  forward  fuselage  ahead  of  the  engine.  Higher  levels  were  found 
nearer  the  engine  area;  however,  equipment  mounted  between  engines  on  the 
aircraft  center  line  saw  lower  than  expected  levels  due  to  structural 
attenuation  and  isolation. 

The  power  sources  for  aircraft  #4  are  two  wirg  mounted  turboprop  con- 
stant speed  engines  with  four  (4)  bladed  propeller.  The  environment  was  re- 
vealed to  be  sinusoidal  with  the  highest  vibration  level  at  the  propeller 
blade  passage  frequency  of  73.0  Hertz  (propeller  blade  passage  frequency  = 
NUMBER  OF  PROPELLER  BLADES  x ENGINE  SHAFT  FREQUENCY  (Hz)),  with  lesser 
responses  at  various  harmonics.  The  levels  were  recorded  during  both  high 
speed  cruise  and  ground  engine  run  conditions. 

Demonstration/Field  Comparisons 

Table  1 of  Appendix  C presents  a comparison  of  field  and  laboratory 
vibration  type  and  duration  of  exposure.  The  durations  of  exposure  to  per- 
mit a comparison  of  field  and  laboratory  hours  were  derived  as  follows: 

• Field  Duration  — Field  duration  was  defined  as  the  number  of  hours 
a WRA  would  be  exposed  to  vibration  if  it  accrued  the  number  of  operating 
hours  in  the  field  equal  to  the  demonstration  test  operating  hours.  As  part 
of  this  study  the  ratio  of  operating  time  to  flight  time  (O.T./F.T. ) was 
determined  for  each  WRA.  Since  the  WRA  is  continuously  exposed  to  vibration 
during  flight,  the  duration  was  determined  by  dividing  total  demonstration 
test  operating  time  by  O.T./F.T. 
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• Laboratory  Duration  — During  the  tests,  vibration  was  applied  for 
a fixed  percentage  of  equipment  operating  time  per  test  cycle.  The  total 
number  of  test  operating  hours  was  then  multiplied  by  this  percentage  to 
establish  the  WRA  vibration  test  hours. 

In  all  cases,  the  duration  of  exposure  to  vibration  was  greater  in  the  field 
than  during  the  test  (for  equivalent  operating  hours)  and  in  the  majority  of 
cases  the  differences  in  time  was  significant.  Since  the  majority  of  the 
aircraft  studied  were  gas  turbine  jet  propelled,  random  vibration  predomi- 
nated as  the  mode  of  field  excitation.  All  laboratory  tests  were  performed 
under  sine  conditions. 

3-^-3  Moisture 

Moisture  as  defined  for  this  study  was  a somewhat  all  Inclusive 
term  encompassing  humidity,  precipitation,  condensation,  salt  fog,  icing, 
etc.  Although  all  forms  of  moisture  are  present  and  may  effect  equipment 
performance,  it  is  the  absolute  humidity  (mass  of  water  vapor  per  unit  vol- 
ume of  space)  manifested  as  condensation  and  precipitation  which  most 
seriously  affect  electronic  equipment.  For  example,  for  icing  to  occur 
requires  a particular  set  of  circumstances: 

• Soak  of  aircraft  at  low  temperature  (due  to  high  altitude  flight) 
and  then  a descent  at  sane  optimum  rate  to  drop  surface  temperature  below 
dewpoint,  or 

• Flight  of  aircraft  through  a supercooled  cloud  which  upsets  the 
equilibrium  of  the  unstable  air  mass  causing  freezing  of  water  droplets. 

Ever  if  icirg  did  occur,  it  is  limited  to  external  aircraft  surfaces 
and  does  not  directly  affect  internal  avionic  equipment.  More  serious  forms 
of  moisture  exposure  may  occur  in  three  basic  areas: 

• Water  vapor  migration  and  penetration  due  to  vapor  pressure  dif- 
ferences between  the  canpartment  ambient  and  box  interior, 

• Prolonged  exposure  to  high  ambient  humidity  (on  the  ground)  mani- 
fested as  free  moisture: 

- Carrier  operation  which  would  include  a certain  salt  content  and 

result  from  spray. 

- Night  temperature  dropping  below  the  dewpoint  caiising  precipita- 
tion. 
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• Freezing  of  entrapped  moisture  at  a certain  altitude. 

• Condensation,  again  due  t,o  altitude  (hence  tempera ture)  variations, 
within  forced  air  cooled  boxes. 

In  forced  air  cooled  boxes  any  free  moisture  which  may  be  present  would 
probably  tend  to  degrade  electronic  equipment  performance.  However,  if  the 
equipment  were  cold  plate  cooled,  air  would  not  impinge  on  the  components  and 
moisture  would  actually  provide  additional  cooling  represented  by  the  latent 
heat  of  the  water. 

Many  laboratory  demonstration  requirements  dictate  that  extreme  pre- 
cautions be  taken  so  that  humidity  effects  do  not  adversely  affect  equipment 
performance.*  It  is  estimated  that  the  relative  humidity  maintained  during 
a typical  test  is  less  than  10$.  While  it  is  difficult  to  quantify  moisture 
due  to  field  operation,  certain  facts  are  known.  The  world  average  is  75$ 
and  the  aircraft  in  this  study  are  exposed  to  at  least  this  condition  for  a 
good  percentage  of  their  life.  In  addition,  carrier  operations  add  consider- 
able free  moisture  including  a certain  salt  content. 

3-4.4  Altitude 

All  selected  study  equipments  are  exposed  to  some  low  pressure  con- 
dition during  flight.  Cockpit  equipment,  however,  is  maintained  at  ambient 
pressures  up  to  a given  altitude  (generally  8,000  feet)  and  then  exposed  to  a 
controlled  pressure  (higher  than  ambient)  up  to  the  operational  ceiling  of 
the  aircraft. 

The  effects  of  altitude  are  manifestsd  in  two  ways: 

• Steady  state  exposure 

• Cycling  effects  due  to  aircraft  altitude  variations 

Grumman  experience  indicates  that  the  steady  state  condition  generally 
causes  problems  due  to  a disruptive  electric  discharge  (arc-over),  causing 
serious  damage  to  electronic  components.  The  cycling  conditions  result  in 
failures  of  gasket  sealed  enclosures  permitting  loss  of  gas  or  fluid  and 
entry  of  moisture.  Thus  the  major  effect  of  pressure  variation  on  avionics 
♦Stated  in  reference  4 and  5 and  implicit  in  the  temperature  profiles  of 
reference  3- 
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equipment  is  structural  rather  than  thermal. 

Analysis  and  flight  test  data  on  avionics  equipment  indicate  that 
while  decreased  pressure  results  in  some  loss  of  cooling  capability,  the 
effect  is  minimal.  While  it  is  apparent  that  reduced  pressure  has  little 
effect  on  the  cooling  of  a forced  cooled  box,  the  situation  of  an  ambient 
cooled  unit  must  be  investigated  in  more  detail.  The  general  contention 
is  that  the  temperature  difference  between  a component  within  the  box  and 
the  ambient  is  not  significantly  affected  by  reducing  pressure.  The  heat 
balance  on  an  ambient  cooled  box  can  be  stated  as  follows: 

where 

Qp  = power  dissipation  of  box 

= total  convective  cooling  from  the  box  case 
Qp  = total  radiant  cooling  frcsn  the  box  case . 

Since  the  primary  mode  of  heat  transfer  from  the  component  to  the  case  is 

through  conduction,  it  is  obvious  that  if  the  case  temperature  changes  a 

given  amount,  the  component  will  change  an  equal  amount  since  conduction 

through  the  cards  in  the  box  is  independent  of  pressure.  Thus  it  remains 

to  he  shown  that  the  temperature  difference  between  the  case  and  ambient 

is  independent  of  pressure.  Analyzing  the  heat  balance  equation  further, 

it  can  he  noted  that 

Q-  = hA  (T  - T . . . .) 

case  Ambient 

where 

h = heat  transfer  coefficient  (a  function  of  ambient  pressure) 

A = box  convective  area 

and 

% = T s ^case^  “ TAmbient^ 

where 

t = radiation  constant 
e = case  emissivity 

Generally,  the  heat  transfer  coefficient  is  a function  of  pressure  to  a 
power  of  approximately  Radiation  cooling,  however,  is  independent  of 
pressure.  It  can  be  observed  that  despite  the  fact  that  a reduction  in 
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pressure  causes  a change  in  temperature  difference  between  case  and  ambient, 
the  radiant  cooling  will  be  increased  as  a function  of  the  fourth  power  of 
the  case  temperature.  Thus  the  resulting  change  In  temperature  difference 
between  case  and  ambient  is  small. 

In  addition,  the  ambient  temperature  decreases  with  altitude.  This 

causes  the  term  "T  - T , . ."in  the  above  equations  to  increase  thus 
case  ambient 

permitting  more  heat  to  be  transferred  by  radiation  and  convection.  This 
also  compensates  for  the  pressure  effect. 

As  an  example , consider  a typical  ambient  cooled  box  with  control 
panel.  The  box  is  approximately  6"  x 8. It"  x 2.6"  and  the  attached  control 
panel  is  9"  x 4.1".  The  unit  dissipates  a total  of  Zb  watts.  Thus  the 
dissipation  per  unit  surface  area  is  approximately  19  W/ft.^,  which  is 
typical  of  the  boxes  considered  in  this  study.  At  sea  level  the  tempera- 
ture difference  between  the  case  and  ambient  is  3^°K.  The  difference  is 
4l°F  at  30,000  feet,  44°F  at  50,000  feet,  and  47°F  at  70,000  feet. 

Figure  l4  is  a plot  of  a typical  component  temperature  profile  during 
flight,  Jt  also  shows  that  an  increase  In  altitude  does  not  result  in  a 
significant  increase  in  the  temperature  difference  between  the  component, 
temperature  and  the  compartment.  Additionally,  for  fan  cooled  avionics 
(self  contained  blower),  current  design  practices  employ  high-slip  motors 
which  result  in  a relatively  constant  mass  flow  rate  of  ambient  air  over 
internal  components.  The  constant  mass  flow  rate  effectively  negates  the 
loss  of  cooling  capability  due  to  decreased  pressure.  Table  B-3  presents 
the  field  levels  and  rates  of  cliange  for  each  equipment  including  the 
differences  between  field  and  laboratory.  Since-  all  laboratory  testing 
was  performed  under  sea  level  conditions  (la. 7 PSI),  field  conditions 
were  lower  iri  each  case. 

3.4.5  Input  Voltage 

All  electric  power,  produced  by  on-board  generating  systems  and 
supplied  to  airborne  equipment  at  the  equipment  terminals,  is  controlled  in 
accordance  with  the  requirements  of  MIL -STD-704 A (ref.  9)-  Discussions 
with  engineer ing  and  flight  test  personnel,  and  actual  measurements  made  of 
input  voltage  confirm  the  fact  that  those  values  are  within  the  limits 


62 


I 


*'■  -vf‘- 


prescribed  by  MIL -STD -70^ A.  A review  of  the  available  field  data  indicates 
that  there  were  no  identifiable  problems  directly  attributable  to  transient 
or  steady  state  voltage  levels  or  frequency  variation. 

Normally,  voltage  regulation  for  modern  aircraft  power  systems  (A.C. 
generating  systems)  is  typically  within  3%  of  nominal,  99%  of  the  time. 
Accordingly,  DC  voltages  derived  from  these  sources  would  have  a similar 
variation.  Such  variations  should  have  a negligible  effect  on  equipment 
reliability.  Consequently,  the  + 10%  variation  in  supply  voltage  specified 
in  Para.  5.2.4  of  MIL-STD-781B  is  not  realistic.  Since  the  intent  is  to 
demonstrate  the  reliability  of  typical  equipment  under  typical  sec 
conditions,  it  is  recommended  that  the  reliability  demonstrati  c'-  tej-1-  'x 
performed  under  nominal  voltage  conditions. 

Under  special  situations,  e.g.,  new  equipment  on  old  vintage  A/c 
(D.C.  generating  systems),  it  is  possible  that  due  to  generator  capacity/ 
cable  sizing  the  equipment  input  voltage  could  be  at  the  low  end  of  the 
tolerances  specified  In  MIL-STD-704,  Tables  I and  II  most  of  the  time, 
instead  of  nominal.  However,  such  a situation  should  be  considered  a 
special  case  and  should  be  considered  in  the  equipment  specification. 
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Section  IV 


MTBF  Analyst  a 

it , I Approach 

This  section  describes  the  results  of  the  analyses  performed  to 
determine  the  demonstrated  and  field  MTBF  values  for  each  selected  WRA.  The- 
me jor  thrust  of  this  effort  was  to  define  and  then  determine  e consistent  set 
of  values  that  could  be  legitimately  compared  and  subsequently  used  for  further 
analyses.  Assuring  consistency  between  laboratory  and  field  values  was  vital 
since  a Fundamental  study  objective  was  to  determine  if  environmental  dif- 
ferences between  the  laboratory  and  field  contributed  to  apparent  reliability 
differences.  Thus,  care  must  be  taken  to  assure  that  any  reliability  dif- 
ference noted  was  "real"  and  not  just  the  result  of  differences  in  definition, 
groundrule,  mea surement  technique,  reporting  system,  etc.  Laboratory  test 
rei>orts  were  the  source  of  data  for  determining  demonstrated  MTBF.  The 
primary  source  of  data  for  field  MTBF  determination  was  the  Navy’s  3M  system 
supplemented  by  field  service  reports,  project  reliability  reports,  or  devel- 
opment flight  test  failure  reports. 

L . 2 Demonstration 

U.2.1  WRA  ft  Derivation 

Realization  that  WRA's  of  the  same  subsystem  (equipment)  arc  not 
necessarily  co-located  within  the  aircraft  and  may  therefore  see  different 
environmental  exposure  in  the  field,  plus  the  desire  to  increase  the  data  base 
to  provide  greater  statistical  validity,  were  the  motivating  factors  for  per- 
forming the  study  at  the  WRA  level  rather  than  at  the  equipment  level.  This 
generally  proved  to  be  no  problem  since  most  of  the  data  required  for  the 
atudy,  both  in  terms  of  environments  or  field  failure  experience,  was  avail- 
able at  the  WRA  level.  The  one  area  that  created  some  difficulty  vac  the 
determination  of  a demonstrated  reliability  value  for-  each  WRA,  Inasmuch  as 
the  reliability  demonstration  tests  were  run  at  the  equipment  level,  the  test 
parameters  (i.e.,  test  time,  allowable  number  of  failures)  were  determined  by 
the  equipment 's  reliability  requirements.  Thus  each  constituent  WRA  of  an 
equipment  accrued  sufficient  operating  time  and  failures  to  permit  demonstra- 
te 


tlon  end  estimation  of  the  equipment  MTBF.  However,  estimation  of  a WRA  MTBF 
from  this  same  test  experience  by  conventional  statistical  methods  often 
yielded  unreasonable  results. 

To  illustrate  this  point,  consider  the  following  hypothetical  example. 
Assume  on  equipment  is  composed  of  three  WRA's:  A,  B,  and  C.  The  reliability 

requirement  of  the  equipment  is  an  MTBF  of  100  hours  and  the  predicted  MTBF's 
of  the  WRA's  are  110,  10,000  and  10,000  hours,  respectively.  Assume  that  the 
equipment  had  accrued  289  test  hours  with  one  failure  charged  to  WRA  A,  thus 
successfully  passing  the  requirements  of  MIL-STD-781  Test  Plan  III.  Thus  the 
available  test  information  for  MTBF  estimation  is  as  follows: 


WRA  A 

WRA  B 

WRA  C 1 

289  test  hours 

289  test  hours 

289  test  hours 

1 failure 

0 failure 

0 failure 

MTBF  point  estimates  are  conventionally  determined  from: 

MTBF  = Test  Time /'Number  of  Failures 

For  the  cases  where  zero  failures  were  charged,  the  convention  adopted  was  to 
use  the  50$  confidence  estimate.  Tnis  is  determined  for 

2-T 

MTBF  = ~ 

X (2, .5) 

where  T = test  time 

2 th 

x (2  = is  the  tabulated  50  percentile  of  the  chi  sqiiare 

distribution  for  2 degrees  of  freedom 

Thus,  for  the  above  example,  the  MTBF  estimates  for  each  WRA  are: 

A * 289  hours 

B *»  hi?  hours 

C *417  hours 

The  unreasonableness  and  lack  of  appeal  of  this  method  is  evident  when 
one  compares  these  estimates  with  the  MTBF  predictions.  Whereas  the  relative 
difference  between  WRA  B and  WKA  A predictions  are  approximately  100:1,  the 
estimates  based  on  test  results  are  less  than  2:1.  This  dramatic  change  in 
relative  value  cannot  be  explained  by  any  unusual  test  results  since  WRA  B 
did  not  experience  any  test  failures.  This  difference  is  attributed  to  the 


66 


fact  that  WRA  B was  not  tested  for  a sufficient  length  of  time  to  obtain  a 
valid  estimate  of  its  MTBF.  This  method  becomes  even  more  unreasonable  if 
one  assumes  that  there  were  no  failures  during  the  demonstration  test.  In 
this  case,  each  WRA,  regardless  of  the  obvious  differences  in  complexity, 
failure  potential,  etc,,  would  exhibit  the  same  HfBF  test  estimate. 

Two  approaches  were  considered  as  possible  methods  for  circumventing 
this  problem  as  follows: 

Bayesian  Updo ting  --  This  method,  based  on  an  application  of  Bayes'  Theorem, 
has  been  popular  in  recent  years.  It  permits  the  analyst  to  "mix"  test  re- 
sults with  prior  information/history  to  arrive  at  a current  estimate.  The 
underlying  theory  and  derivations  are  well  documented  in  the  literature  (ref. 
10).  The  major  applicable  points  are  identified  below: 

1.  Assume  that  the  MTBF  (©)  is  a random  variable  with  probability 
density  function  f(o) 

?.  Assume  f(Q)  to  be  an  inverted  gamma  distribution 

3.  Assume  u prior  distribution  of  © exists  with  parameters  T and  r 
(where  T,  accumulated  test  time,  and  r,  the  number  of  failures,  are  generally 
based  on  previous  testing).  The  mean  of  this  distribution  is  T/(r-l). 

k . Given  additional  testing  of  t hours  and  k failures,  the  posterior 
distribution  of  9 is  again  an  inverted  gamma  with  parameters  T ■+  t,  r + k and 
the  mean  of  this  distribution  is  (T  + t)/(r  + k - l). 

Since,  in  this  study  ap/plication,  no  previous  reliability  testing  was 
performed  prior  to  the  demonstration  test,  several  assumptions  concerning  the 
parameters  of  the  prior  distribution  of  © would  have  to  be  made. 

It  was  assumed  that  the  predicted  value  of  9 would  serve  as  the  mean  ol’ 
the  distribution.  The  rationale  for  selecting  the  predicted  value  was: 

a)  At  the  time  of  the  demonstration  test  this  value  represented  the 
"state  of  knowledge"  of  the  WRA's  MTBF, 

b)  One  can  reasonably  assume  that  the  prediction  of  the  reliability  of 
the  test  article  satisfied  the  reliability  requirement  imposed  on  the  WRA,  in 
that  a satisfactory  prediction  is  generally  a precursor  to  the  demonstration 
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test  and  that  "reliability  fixes"  indicated  by  the  prediction  analysis  us 
necessary  to  achieve  the  requirement  had  been  incorporated  in  the  te3t 
article. 

Once  a value  for  the  mean  is  assumed  and  since  the  mean  = T /(r  - ! ), 
knowledge  of  either  T or  r (neither  of  which  exist  in  fact  since  no  prior 
reliability  testing  was  performed)  would  permit  determination  of  the  oth?r. 

It  was  more  appealing  logically  to  make  assumptions  concerning  T (analog  of 
test  time)  rather  than  (r  - l)  (analog  of  number  of  prior  failures).  A 
desirable  characteristic  of  the  parameter  used  is,  that  it  be  a measure 
of  the  degree  of  belief  one  has,  at  the  time  of  demonstration  testing,  that 
the  prediction  is  the  true  MTBF  of  the  WRA.  Thus,  it  is  somehow  related  to 
experience.  The  parameter  T (test  time  analog)  more  closely  satisfies  this 
requirement  since  generally,  the  more  testing  done,  the  more  one  knows  about 
the  design. 

The  final  assumption  necessary  for  use  of  this  approach  is  the  selection 
of  a value  of  T.  Desirable  attributes  of  the  selected  value  include: 

a)  It  should  be  small  enough  in  magnitude  to  give  reasonable  weight  to 
the  actual  demonstration  test  results. 

b)  It  should  be  large  enough  in  magnitude  that  some  degree  of  si  ability 
in  the  estimation  process  has  been  achieved  (i.e.,  small  changes  in  T do  not 
produce  large  changes  in  the  posterior  value  of  the  mean). 

c)  It  should  be  less  than,  yet  relatable  to  all.  the  development  test- 
ing that  preceded  the  reliability  test.  Though,  in  a strict  sense,  these 
tests  are  not  reliability  oriented,  they  each  in  turn  (assuming  that  niow- 
ledge  gained  is  incorporated  in  the  design),  provide  additional  e&so-ctnce 
that  the  unit  will  function  properly  in  its  intended  use  enviro 

This  approach  was  abandoned  because  the  predictions  &y&jlai>le  for 
use  were  either  those  originally  performed  during  the  decree  phase  or 
those  performed  during  this  study  using  the  coordination  jpy  of  MXL- 
HDBK--217B  as  the  common  source.  Neither  source  of  reliafcS  lity  prediction 
data  was  considered  acceptable  for  use  in  this  application-  For  the 
former,  since  the  prediction  for  each  WRA  was  performed  at  a different 
time,  there  was  no  assurance  that  any  consistency  in  fatlorearate 
source,  groundrule,  etc.,  was  present  from  WRA  to  WRA.  Por  the  .latter, 


although  consistency  could  be  gueranteea,  since  they  were  ail  performed  undo1' 

the  aegis  of  this  study,  significant  differences  in  failure  rates  between  the 

« 

advance  version  of  I4TL-KERK-217B  used  end  that  ultimately  released  precluded 
use  of  these  values  in  an  absolute  sense.  Insufficient  time  remained  fiom 
the  time  of  release  of  MII.~HDB/.-217fl  to  the  scheduled  completion  of  the  study 
to  repredict  all  the  WRA  MTVF ’ r using  the  final  issue  as  the  source  document.. 
Furthermore  , the  potential  weakness  in  using  any  prediction  technique  as  an 
absolute  value  suggested  that  a relative  allocation  would  be  less  sensitive 
to  variations  of  the  data  base. 

Proportions  1 Allocation  --  This  approach  is  the  cue  that  was  ultimately 
adopted  for  use  in  the  study.  It  assigns  as  a WRA ’s  demonstrated  failure 
rate  that  same  proportion  of  the  equipment's  failure  rat;  as  the  WRA  predic- 
tion is  to  the  equipment  prediction.  Thus,  for  example,  if  an  equipment  is 
composed  of  three  WRA's  with  predicted  values: 

WRA  A WRA  B WRA^C 

Predicted  MTRF  = 20C  Predicted  MTBF  = 1000  Predicted  MTBF  - 10,000 

Predicted  F.R,  = .005  Predicted  F.R.  .001  Predicted  F.R,  ~ .00C<1 

The  equipment  failure  rate  (F.R.)  is  then  approximated  as  .005  ■*  .DC]  -f  .0001 
- .006l  and  each  WRA's  proportional  share  is 

WRA  A = .005/. 0061  ^ 81.97% 

WHA  B - .001/. 0061  = 16-39% 

WRA  C = .0001/.  006l  =■  1.64% 

Thus , if  the  equipment  accrued  54-0  hours  with  two  failures  during  demonstra- 
tion testing,  the  estimated  demonstrated  equipment  failure  rate  is  2/540  = 

. 0037037 . This  procedure  would  then  assign  to  each  WRA  as  a demonstrated 
failure  rate  value  the  following: 

WRA  A --  .0197  x .0037037  = .003036 

WR/-  13  — .1639  x .0037037  = .000607 

WRA  C --  .0164  x .0037037  =■  .OOOOOl 

with  corresponding  demonstrated  MTBF  values 
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WRA  A 329 

WRA  B --  1647 

VRA  C --  16463 

This  method  eliminated  some  of  the  objections  with  the  previously  described 
approaches  in  that  it  yielded  values  which  have  some  relationship  to  known 
differences  in  complexity  among  the  WRA's  while  circumventing  the  necessity 
for  directly  using  predictions  that  are  questionable. 

Implicit  in  the  use  of  this  approach  is  the  assumption  that  relative 
differences  among  the  WRA's  that  constitute  an  equipment  ere  generally  pre- 
served when  going  from  a prediction  to  a demonstration.  Though  this  assertion 
canmt  be  proved  directly,  the  following  analysis  is  offered  to  justify  this 
approach,  Inasmuch  as  field  MTBF's  for  each  WRA  were  determined  for  this 
study,  the  relative  contribution  of  each  WRA  uo  its  equipment  field  failure 
rate  could  readily  be  obtained  and  compared  tc  its  corresponding  re ive 
contribution  to  the  equipment  prediction.  The  rationale  for  this  is,  if  the 
relative  contribution  of  0 WRA  failure  rate  to  its  equipment  failure  rate 
remains  essentially  the  same  from  prediction  to  the  field  (considering  all 
the  I'&ctors  influencing  the  field  value),  then  it  is  reasonable  to  assume  that 
the  relative  contribution  comparing  prediction  to  demonstration  (where  all 
these  factors  are  not  present)  is  also  the  same.  The  table  below  shows  the 
distribution  of  the  difference  between  field  and  prediction  contribution. 


DISTRIBUTION  OF  DIFFERENCES  IN  WRA  RELATIVE  CONTRIBUTION 


* 

Pi fference 
Leas  than  ,10 

,10  - .19 

.20  - .29 
•30  - .39 
.40  and  greater 


Frequency 

6? 


% of  Observation 

"r? 


11 

5 

4 

_3 

90 


12 

6 

4 

3 

loo 


Difference  = 


WRA  A 


FIELD 


WRA  A 


PREDICTED 


EQUIFMKNT  A 


FIELD 


EQUIIMENT  A 


JRED1CTKD 


Note  that  there  are  only  90  observations  because  there  were  five  single  WRA 
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than  a -3.0 


equipments  in  the  study.  As  the  table  indicates,  there  was  less 
difference  in  relative  contribution  in  75%  of  the  WHA's  included.  This  large 
number  of  similar  values  tends  to  support  the  above  assertion,  i.e.,  the 
ratio,  WPA  > (prei)/Equip  > (pred),  approximates  WRA.  a (Field )/Equip  A (Field)  . 

As  a further  precaution,  an  analysis  was  performed  to  determine  if  the 
differences  between  field  and  prediction  contribution  were  related  to  "part 
mix."  Two  measures  related  to  part  population  characteristics  were  analyzed: 

% microcircuits  and  % TX  or  better.  These  two  measures  were  selected  because 
they  presumably  represented  the  arena  of  greatest  change  between  the  coordina- 
tion copy  and  the  released  version  of  MII.-HDDK-217B . The  90  WRA's  were 
partitioned  into  two  subpoprlations  --  those  with  differences  less  than  0 . 10 
and  those  with  differences  of  0.10  and  greater.  The  distribution  of  each 
subpopulation  against  each  part  population  measure  was  determined  and  sum- 
marized in  Tables  8 and  9 below.  Examination  of  Table  8 indicates  that  there 
is  no  apparent  difference  in  microcircuit  complement  distribution  between  the 
two  sub populations . Approximately  three  quarters  of  the  WRA'a  in  each  group 
have  less  then  20 % microcircuits.  The  remaining  quarter  is  approximately 
evenly  divided  between  the  20  - 50%  end  the  over  50%  group. 

Ins motion  of  the  data  presented  in  Table  9 appears  to  indicate  that 
the  two  groups  have  somewhat  different  distributions  and  that  the  higher 
reliability  parts  may  be  affected  differently  in  the  field  than  the  prediction 
method  assumes.  Specifically,  the  data  appears  to  indicate  that  there  is  a 
tendency  for  WRA 's  with  a large  percentage  of  TX  parts  to  have  greater  dif- 
ferences (39%  for  greater  than  0.10  versus  15%  for  less  than  0.10; . A more 
detailed  analysis  of  the  data  was  performed  to  determine  if  this,  in  fact, 
was  the  case.  The  group  where  trie  differences  were  greater  than  0,10  was 
further  jartitioned  into: 

« those  where  the  field  exceeded  the  prediction  by  0,10 

• those  where  the  prediction  exceeded  the  field  by  0,10 

end  the  distribution  of  each  against  the  % TX  or  better  woe  determined.  If 
the  Hi-Rel  jwrts  were  affected  in  the  field  differently  than  parts  of  lower 
quulity , one  would  expect  the  two  resulting  distributions  to  be  completely 
di-ssimi  lar.  The  results  could  be  observed  in  or.e  distribution  being  heavily 
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VRA  RELATIVE  CONTRIBUTION  VS.  % XICRGCIRCUI 


weighted  toward  the  under  20$  interval,  while  the  other  distribution  would  be 
heavily  weighted  towards  the  greater  than  50$  interval.  The  two  distribu- 
tions are  presented  in  Table  10  and  show  a great  similarity  between  the  two, 
thus  negating  any  causative  relationship. 

The  above  analyses,  taken  together,  suggest  that: 

« the  differences  between  field  relative  contribution  and  predicted 
relative  contribution  are  small,  and 


• those  differences  that  are  large  cannot  be  associated  with  dif- 
frences  in  part  type  mix. 

The  conclusion  drawn  from  the  above  is  that  the  ratio  of  a WRA  failure 
rate  to  its  corresponding  equipment  failure  rate  is  essentially  preserved 
from  prediction  to  the  field. 

4.2.2  Test  C-round  Rules 


Although  the  major  study  emphasis  is  directed  toward  environmental 
differences,  it  was  also  recognized  that  other  factors,  including  test 
ground  rules,  might  also  contribute  significantly  to  differences  in  MTBF, 
Haring  the  reliability  demonstration  tests  performed  on  the  selected  equip- 
ment, definitions  per  MIL-STD-721  (ref,  11)  and  ground  rules  specified  in 
MI!i-STD-78l  and  AR-34  (ref.  12)  were  generally  employed.  These  were  modified 
and/or  supplemented  in  varying  degree  for  each  of  the  equipment  tests  pe 
formed . Failure  scoring  criteria  for  i Leld  and  laboratory  must  therefore  be 
compatible  and  a realistic  set  of  groura  rules  must  be  defined.  During  this 
study , all  ground  rules  and  definitions  were  reviewed,  including  those  ap- 
pearing in  AR-34 , MID-STD-781,  MIL-STD-721,  and  those  peculiar  to  each  of  the 
study  equipment  tests.  The  rules  obtained  from  these  sources  were  then 
screened  and  either  rejected,  used  as-is,  modified,  or  supplemented-  The  set 
of  "standard"  rules  established  was  then  applied  to  each  of  the  demonstration 
tests  resulting  in  reclassified  failures  and  revised  0's.  This  review  was 
based  on  the  premise  that  field  and  laboratory  0's  must  be  derived  in  an 
identical  manner  using  the  same  scoring  criteria  for  failure  classification. 
The  following  rules  were  established  and  used  to  classify  failures; 


FAILURE 

A failure  is  the  cessation  of  equipment  operation  or  an  out -of - 
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specification  condition  of  a performance  characteristic  at  any  environmental, 
condition  within  the  specified  limits. 

FAILURES 

/Vll  failures  are  relevant  unless  determined  by  the  procuring  activity 
(or  an  authorized  representative  thereof)  to  be  caused  by  a condition  exter- 
nal to  the  equipment  under  test  which  is  not  a test  requirement.  Relevant 
failures  include : 

• Pesign/Woi-hmanship  Fs Hurts : Failures  due  to  design  deficiencies 

or  poor  workmanship  of  either'  the  equipment  or  component  parts. 

• Component  Part  Failures : Failures  due  to  defective  component  parts 

shall  be  classified  as  relevant  failures.  In  the  event  that  several  compo- 
nent parts  of  the  same  type  fail  during  the  test,  each  one  shall  be  consider- 
ed a separate  relevant  failure,  unless  it  can  be  shown  that  one  failure 
caused  one  or  more  of  the  others. 

• V.r  ear  cut  Part  s : Certain  parts  of  known  limited  life,  such  as  bat- 
teries, may  have  a life  stipulated  prior  to  the  initiation  of  testing  as 
approved  by  the  procuring  activity.  Failures  of  these  parts  occurring  prior 
to  the  end  of  the  stipulated  period  are  relevant.  Failures  of  these  parte 
occurring  after  the  stipulated  period  are  nonrelevant , but  any  dependent 
failures  caused  thereby  are  relevant , 

• Multiple  Failures : In  the  event  simultaneous  par4;  failures  occur, 

the  entire  incident  shall  be  counted  as  one  relevant  failure.  (Since  multiple 
failures  cannot  be  distinguished  frotn  dependent  failures  in  the  field  data, 
this  ground  rule  was  included  to  assure  consistency  with  the  field  analysis.) 

• Ir.temitter.t  Failures:  The  first  occurrence  of  an  intermittent 

failure  qh  »riy  ono  sHaXX  Xg  conn’t’.Gd.  s. ?,  & z'GlGVstri't  f^.l  3 Siily— 

sequent  occurrences  of  the  same  intemittency  on  that  same  unit  will  be  con- 
sidered nonrelevant  pro  video.  that  reasonable  effort  was  mode  to  assure  uhau 
a failure  condition  no  longer  existed. 

• Ad  justme nt s : 

- Anticipation  of  failirre  shall  not  be  justification  for  preventive 
maintenance,  !.<».,  If  an  output  is  observed  to  be  degrading  but  if,  still 
within  specification  limits.  No  replacement  is  permitted  and  any  adjustment 
of  a control  is  a relevant  failure  unless  both  the  control  and  the  IndFaior 
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signaling  impending  failure  are  an  integral  part  of  the  equipment  under  test 
and  ere  available  and  accessible  to  the  aircrew  during  normal  flight  operation. 

- Inaccessible  Controls:  Each  adjustment  of  a control  which  is  inac- 

cessible to  the  operator  during  normal  use  is  a relevant  failure. 

• Failures  of  Built-in-Test:  Any  malfunction  (including  a false  alarm) 
of  the  Built-in-Test  features  of  the  equipment  shall  be  classified  as  a rele- 
vant failure. 

• When  a failure  occurs  and  a change  is  incorporated  (design,  part  or 
process)  which  will  correct  the  problem,  the  first  occurrence  shall  be  scored 
relevant  and  all  subsequent  failures  of  the  same  type  occurring  during  the 
test  but  before  corrective  action  has  been  incorporated,  shall  be  non-relevant. 

• Failures  detected  during  the  final  functional  test  following  the  suc- 
cessful completion  of  the  test  shall  b**  scored  relevant,  if  the  equipment  used 
to  monitor  the  performance  characteristics  during  the  demonstration  was  not 
capable  of  detecting  thet  failure. 

NON-RELEVANT  FAILURES 

Only  tnc.se  failures  listed  below  may  be  counted  as  non-relevant, 

» Failures  directly  attributable  to  improper  installation  in  the  test 
chamber  . 

• Failures  of  test  instrumentation  or  monitoring  equipment  (other  than 
the  Built-in-Test  function). 

• Failures  resulting  from  test  operator  error  in  setting  up,  or  in 
testing  the  equipment. 

Dependent  failures,  uni  eta  caused  by  degradation  of  items  cf  known 
limited  life.  (At  least  one  relevant  failure  sliall  be  counted  when  a dependent 
failure  is  clnimed.) 

• Failures  attributable  to  an  error  j.n  the  test  procedures. 

« The  second  (and  any  subsequent)  occurrence  of  the  same  intermittent 
failure  on  the  same  unit. 

• Failures  occurring  during  burn-1 , 

• Failures  cveun  i rig  during  test  "down  time." 
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• Malfunctions  of  the  Time  Totalizing  Meters. 

• Failures  clearly  attributable  to  an  overstress  condition  in  excess  of 
the  design  requirements. 

EXCLUSIONS 

A failure,  classified  as  relevant,  may  be  considered  to  be  non-relevant 
for  this  study  provided  that  all  of  the  following  conditions  are  met: 

• Corrective  action  (an  equipment  design,  part,  or  production  process 
change)  has  been  made  in  accordance  with  the  applicable  reliability  test 
specification  or  standard  on  all  equipment  of  the  lot  from  which  the  reliability 
test  sample  was  drawn,  and; 

• Sufficient  test  data  has  been  accumulated  to  indicate  the  corrective 
action  is  effective  in  eliminating  the  failure  mode,  and; 

• Approval  of  the  procuring  activity  (or  authorized  representative)  is 
obtained  for  exclusion  of  the  failure. 

NOTE : The  first  occurrence  of  such  failure  shall  be  scored  relevant. 

Table  1 of  Appendix  D shows  the  WRA  MTBF's  demonstrated  under  the  ground 
rules  and  scoring  criteria  in  effect  at  the  time  of  testing.  Revised  values 
after  reclassifying  failures  with  the  above  ground  rules  are  also  presented. 

The  frequency  distribution  of  MTBF  values  for  each  situation  was  deter- 
mined and  some  summary  statistics  evaluated  to  gain  some  gross  insight  into 
the  impact  of  thi3  reclassification  of  the  original  source  data.  Figure  15 
presents  the  frequency  polygon  for  both  before  and  after  reclassification. 

Some  pertinent  statistics  for  each  polygon  ore  shown  below. 


SUMMARY  OF  DEMONSTRATION  TEST  DATA  BEFORE  AND  AFTER  RECLASSIFICATION 
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Standard  Deviation 
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FIGURE  15  IMPACT  OF  RECLASSIFICATION  ON  THE  DISTRIBUTION  OF  DEMONSTRATED  MTBF'S 
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A review  of  the  Figure  and  Table  indicates  a general  similarity  in  .shape 
of  the  two  distributions  with  the  reclassification  producing  a 30-49%  downward 
shift  in  each  of  the  Location  statistics. 

4.3  Field 

Consistency  in  failure  definition  and  time  measurement  is  necessary,  to 
assure  that  field -laboratory  reliability  comparisons  are  valid.  Estimates  of 
MTBF  in  the  field  should  be  determined  from  equipment  operating  time  and  the 
number  of  equipment  failures  experienced  during  that  operating  time,  All.  too 
often,  because  of  inability  to  discriminate  in  data,  field  MTBF's  are  reported 
as  the  resulting  quotient  after  dividing  aircraft  flight  time  by  the  total 
number  of  maintenance  actions  reported.  This  measure,  referred  to  s s Mean 
Flight  Time  Between  Maintenance  Action  (MFT'BMA ) , though  perhaps  having  mslue 
for  Operations  personnel  for  planning  and  resource  control,  is  not  comparable 
with  either  predicted  or  demonstrated  MTBF's.  Whereas,  the  MFT.BMA  counts  all 
incidents  (i.e.,  failures,  false  alarms,  preventive  maintenance,  cannibaliza- 
tion, induced  failures,  etc.),  individual  program,  demonstration  test  ground 
rules  exclude  every  type  of  incident  except  certain  failures.  It  has  not  beer, 
uncommon  for  test  ground  rules  to  exclude  some  legitimate  failures  as  well. 

In  addition  to  failure  count  definition  not  being  compatible,  the  substitu- 
tion of  aircraft  flight  time  for  equipment  operating  time  creates  artificial 
differences  in  field-demonstration  reliability  comparisons.  Flight  hours  may 
differ  from  equipment  operating  hours  by  such  factors  as  duty  cycle,  ground 
operating  time  while  installed  in  an  aircraft,  and  bench  time. 

Thus,  both  numerator  and  denominator  of  an  MITBMA  does  not  relate  to  the 
usual  definition  of  MTBF.  Except  for  those  items  that,  have  a very  short  duty 
cycle,  equipment  operating  time  is  longer  than  flight  time . usually  the  num- 
ber of  equipment  failures  is  less  than  the  number  of  maintenance  actions. 
Therefore,  MJTBMA  is  less,  often  much  less,  than  MTBF . And  if,  as  indicated 
previously,  test  ground  rules  have  eliminated  some  relevant  failures,  as  de- 
rived for  this  study,  from  the  count,  then  the  disparity  between  laboratory 
demonstrated  and  field  meusured  reliability  is  even  greater. 

The  analyses  that  were  per formed  on  the  field  data  to  bring  it  to  a com- 
mon basis  with  the  laboratory  included  evaluating  equipment  operating  time  and 
determining  the  number  of  equi}*uent  failures  in  accordance  with  ground  rules 
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established  to  be  comparable  to  those  established  for  the  laboratory  MTBF 
analysis . 

4.3.1  Equipment  Operating  Time 

As  Indicated,  equipment  operating  hours  is  the  proper  measure  of  time 
for  determining  an  MTBF.  Aircraft  flight  hours,  however,  are  frequently  used 
as  the  time  base  for  MTBF  determination.  The  use  of  this  parameter  has  become 
so  widespread  that  it  has  essentially  become  the  conventional  one  to  use  in 
reporting  field  reliabilities  from  existing  military  data  systems.  Availability 
of  data  is  the  predominant  reason  for  using  this  parameter.  As  a matter  of 
course,  the  military  data  systems  currently  in  use  collect,  summarize,  and  re- 
port aircraft  fli  it  hours.  This  information  is  thus  readily  available  to  all 
users,  both  military  and  contractor.  Collection  of  actual  equipment  operating 
times,  however,  is  much  more  difficult  and  so  much  less  regular.  Elapsed  Time 
Indicators  (ETI's),  wherever  installed,  would  have  to  be  read  periodically  or 
the  turn-on/turn-off  times  for  each  equipment  without  an  ETI  would  have  to  be 
determined  for  each  WRA  installed  in  every  aircraft  in  the  inventory.  Because 
of  the  expensive  nature  of  such  an  undertaking,  this  effort  is  not  generally 
done . 

The  net  effect  of  using  flight  times  instead  of  operating  hours  is  to, 
everything  else  being  equal,  understate  the  MTBF  value  for  those  equipments 
that  accrue  relatively  large  amounts  of  ground  time  while  installed  in  the 
aircraft  and  to  overstate  the  MTBF  value  for  those  equipments  that  have  a rel- 
atively short-  duty  cycle  (discounting  that  there  is  no  present,  practical  method 
of  assessing  the  impact  of  the  environments  on  non-operating  equipments). 

Since  equipment  operating  time  was  the  proper  parameter  to  use  in  this 
study,  an  analysis  was  twrformed  to  determine  operating  time  from  the  informa- 
tion readily  available  in  the  data  system,  viz,,  aircraft  flight  times. 

Maintenance  personnel  are  required  to  note  the  serial  number  and  ETI 
reading  on  every  item  removed  from  or  installed  in  an  aircraft.  Although  this 
requirement  is  not  rigidly  enforced,  it  is  adhered  to  sufficiently  to  provide 
useful  data  for  analysis.  The  analysis  goal  was  to  develop  a factor  which  when 
multiplied  by  aircraft  flight  hours  would  yield  WiiA  operating  hours.  A sample 
of  data  points  was  assembled  for  each  WRA  where  each  data  point  represented  the 
difference  in  ETI  readings  between  installation  and  removal  of  a given  serial 
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number  from  a particular  aircraft.  Since  the  dates  of  installation  and  re- 
moval were  given,  the  corresponding  aircraft  flight  time  between  installation 
and  removal  dates  was  noted  for  each  ETI  difference.  The  ratio  of  total  E'l'I 
differences  to  the  total  corresponding  flight  time  was  determined  for  most 
WRA 'a  in  this  manner.  For  any  item  where  insufficient  data  existed  to  develop 
its  own  ratio,  the  ratio  of  one  whose  operating  profile  most  closely  resembled 
it  was  used,  Each  such  ratio  multiplied  by  total  aircraft  flight  time  became 
the  estimate  of  total  WRA  operating  time. 

4.3-2  Failure  Assessment  and  Ground  Rules 

Field  failure  criteria  were  developed  in  a manner  similar  to  and  com- 
patible with  those  developed  for  the  reliability  demonstration  tests,  All  re- 
ported incidents  were  considered  relevant  and  counted  unless  the  equipment  was: 

• bad  from  supply 

• removed  for  preventive  maintenance 

• removed  for  the  convenience  of  the  maintenance  crew  to  gain  access 
to  another  equipment 

• removed  from  an  aircraft  and  not  verified  bad  in  the  shop 

e removed  for  modification 

• damaged  as  a result  of  abuse,  combat,  mishandling,  etc. 

• part  of  a cannibalization  action 

Flight  discovered  anomalies  that  could  not  be  verified  by  the  ground 
crew  while  the  WRA  was  still  installed  in  the  aircraft  were  at  first 
considered  to  be  m>n-relovnnt . After  a preliminary  review  of  the  data 
and  due  consideration  of  the  operational  environment,  it  was  decided  to 
include  these  incidents  in  the  failure  count.  The  rationale  for  this 
decision  wes  based  on  the  realization  that  the  flight  environment  and 
ground  environment  are  different.  Thus  it  is  possible,  and  previous 
experience  corroborates  this  as  happening,  for  equipment  malfunctions 
to  be  observed  in  flight  and  then  "disappear"  on  the  ground.  The  normal 
procedure  in  the  field  is  to  remove  a WRA  from  the  aircraft  only  if  the 
reported  malfunction  is  verified  by  the  gi'ound  crew.  However,  the  ability 
to  reproduce  the  flight  environment  on  the  ground  is  not  available,  social- 
ized diagnostic  equipment  is  generally  not  available  at  trie  aircraft  level, 
and  the  level  of  diagnostic  shills  among  maintenance  personnel  is  lower 
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in  the  field  than  in  the  laboratory.  Thus  i ; is  more  likely  in  the  field 
that  report  "false  alarms"  were,  in  fact,  fa  lures,  and,  therefore  this  type 
of  incident  was  included  in  the  failure  count.  „ini~ 

Only  complaints  recorded  against  a particular  r,lv. counted.  The 

system  level  complaints  were  excluded  from  the  failure  count  because  ex- 
perience indicated  that  these  were  generally  more  associated  with  integration 
and  system/aireraft  interface  problans.  It  was  also  felt  that  any  system 
level  false  alarm  that  was  caused  by  faulty  WRA  performance  during  flight 
would  persist  from  flight  to  flight  and  would  ultimately  be  isolated  to  the 
appropriate  WRA. 

Two  estimates  of  WRA.  field  MTBF  are  presented  in  Table  2 of  Appendix  D. 
Each  repi'esents  the  results  of  a review  of  the  equipment  failure  history  for 
all  of  1973  and,  in  some  cases,  the  first  quarter  of  197b.  The  first  esti- 
mate is  the  equipment  MPTBMA  and  results  from  dividing  aircraft  flight  time 
by  total  maintenance  actions.  The  second  measure  is  the  resultant  value 
after  dividing  estimated  equipment  operating  time  by  the  number  of  reclassi- 
fied failures.  As  indicated,  it  is  this  second  measure  that  is  comparable  to 
demonstration  results.  As  with  the  case  of  the  demonstration  data,  the 
distribution  of  the  field  MTBF  for  before  and  after  reclassification  was 
determined.  The  resulting  frequency  polygons  are  presented  in  Figure  16 
and  summary  statistics  are  presented  below. 


SUMMARY  OF  FIELD  DATA  BEFORE  AND  AFTER  RECLASSIFICATION 

MTBF  (Hours) 


Statistic 

Before 

After 

% Change 

Mean 

1072 

1861 

7b 

Standard  Deviation 

221^! 

-.1.  1 /* 

Median 

255 

510 

100 

25th  Percentile 

100 

205 

105 

75th  Percentile 

700 

1500 
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A review  of  this  data 

indicates  that 

re  clas  s i f i cat i on 

resulted  in  a 

smoother  distribution  with  the  location  statistics  shifted  upward  by  approxi- 
mately 100%. 
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4.4  Impact,  of  Ground  Rules 

To  gain  some  appreciation  for  the  impact  of  reclassification  on 
demonstration/field  comparisons,  the  information  presented  in  Figures  15 
and  16  was  replotted  to  readily  show  the  differences  in  demonstration/ficld 
comparison  when  using  "before"  data  versus  using  the  "after"  data.  The 
results  of  this  are  shown  in  Figures  1.7  and  18.  The  corresponding  comparison 
in  summary  statistics  are  shown  below. 

Examination  of  this  information  reveals  the  great  dissimilarity  in 
appearance  and  location  statistics  between  the  two  "before  reclassifying'1 
distributions.  The  field  peaks  at  a low  JfTBF  and  decreases  rapidly  in 
frequency  whereas  the  distribution  of  demonstrated  values  appears  flatter 
over  a longer  interval. 

A comparison  of  the  two  "after"  distributions  indicates  that  the  two 
are  closer  to  each  other  than  in  the  "before"  case  and  have  approximately 
the  3ame  shape.  Comparison  of  location  statistics  reveals  that  ir;  the 
"before"  case  the  demonstration  values  are  approximately  an  order  of 
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situation,  the  demonstration  values  are  3-5  times  greater  than  its 
corresponding  field  value. 

SUMMARY  COMPARISON  OF  DEMONSTRATION  AND  FIELD  DATA  BEFORE  ANT)  AFTER 


STATISTIC 


RECLASSIFICATION 

Ml’BF  BEFORE  RECLASSIFICATION  MTBF  AFTER  RECLASSIFICATION 


Des>o 

Field 

Demo 

Field 

Mean 

lo377 

1072 

102 1 3 

roox 

Std,  Deviation 
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2214 
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Median 

2150 
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1550 
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25th  Percentile 

940 

100 

560 

205 

75th  Percentile 

13000 

700 

7900 

1500 

This  analysis  indicates  that  though  field  and  demonstration  NfTBF’s 
are  very  different,  the  difference  though  large,  Is  not  as  great  as  the 
"raw"  data  would  indicate.  These  camps,}' Isons,  however,  were  performed  on 
resulting  summary  statistics  from  the  two  distributions.  They  therefore 
do  not  reflect  the  extent  of  the  MTBF  difference  on  individual  WRA'e,  nor 
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do  they  necessarily  characteri7e  the  distribution  of  individual  differences 
taken  over  all  the  study  items.  This  comparison  does  show  in  a "macro" 
sense  that  when  field  and  demonstration  experience  is  viewed  through  a 
consistent  set  of  failure  ground  rules  arid  common  time  base  a somewhat 
more  accurate  picture  of  the  differences  emerges. 


(Tire  reverse  of  this  page  is  blank) 
87/88 


l 


PREPEDIIO  2MJ&i  ISLAHK-NOT  FI 


Section  V 

STATISTICAL  ANALYSIS 

5 . 1 wnantlficatlon  of  Reliability  Differences 


The  previous  sections  of  this  report  described  the  data  analyses 
and  collection  activities  which  were  necessary  to  determine  the  reli - 
ability,  environments,  and  conditions  of  use  of  each  WRA  studied  durjng 
both  the  demonstration  test  and  then  in  the  field.  This  section  de- 
scribes the  results  of  the  investigation  to  merge  this  data  to  determine 
those  factors  that  contribute  to  the  difference  between  demonstrate^ 

( laboratory ) and  field  reliability.  This  generally  was  accomplished 
by  comparing  WFA  MTBF  differences  with  differences  in  each  factor 

examined  to  determine  if  any  general  pattern  emerged. 

It  was  first  necessary  to  establish  the  measure  to  be  used  to  de- 
scribe the  dlffeience  between  demonstrated  and  field  reliability  for  each 
WRA.  It  was  concluded  that  the  ratio  between  reclassified  demonstrated  and 
field  MTBF  was  the  measure  that  best  suited  the  alms  of  the  study.  This  ex- 
pression was  selected  since  it  eliminated  the  effects  of  differences  in 
failure  ground-  rules  and  operating  time  between  the  laboratory  and  the  field. 
In  addition,  large  number  variations  and  potential  biases  caused  by  using 
the  algebraic  difference  between  the  two  values  were  eliminated.  To  illus- 
trate this  point,  an  algebraic  difference  of  5 00  hours  is  a mere  significant 
difference  on  a 1000  hour  WRA  than  it  is  on  a 10,000  hour  WRA.  Thus,  the 
use  of  relative  differences  provided  a dimensionless  scale  of  normalized 
values  that  can  be  readily  analyzed.  Table  11  presents  the  laboratory 
(demonstrated)  and  field  values  of  MTBF,  and  the  ratio  between  the  two 
values,  for  each  of  the  WRA’s.  A review  of  this  table  indicated  that  two 
WRA's,  numbers  57  and  64,  had  ratios  in  excess  of  100.  No  reason  could  be 
found  from  a preliminary  review  of  all  the  data  to  explain  the  reason  for 
these  large  values.  It  was  concluded  that  these  data  points,  for  some 
undetermined  reason,  were  so  atypical  that  they  should  be  eliminated  to 
prevent  these  large  magnitudes  free  seriously  impacting  the  analysis.  Tne 
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,’CMPARISON  OF  FIELD  AND  DEMONSTRATED  MTHF  VALUES 


TABLE  11  COMPARISON  OF  FIELD  AND  DEMONSTRATED  MTBF  VALUES  (Continued) 
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distribution  of  the  remaining  93  ratios  was  determined  to  provide  some  in- 
sight Into  how  extensive  the  MTBF  differences  were  from  the  total  population. 
The  average  value  of  these  ratios  was  found  to  be  8.2.  The  cumulative 
distribution  is  shown  in  Figure  19  and  indicates  that  approximately  50$  of 
the  WRA's  in  the  study  had  ratios  of  3-0  or  less  and  75$  had  ratios  of  10,0 
or  less. 

5 . 2 WRA  Design  and  End-Use  Characteristics 

An  investigation  was  conducted  to  determine  if  relationship  could  be 
established  between  the  demonstrated  to  field  OTBF  ratio  and  any  design  or 
end-use  application  characteristic  of  a WRA.  This  was  accomplished  by 
defining  categories  or  class  intervals  for  each  such  characteristic  studied 
and  then  determining  the  average  of  the  MTBF  ratios  for  the  WRA's  falling 
into  that  category.  The  rationale  for  this  approach  is  that  if  the  category 
under  study  had  no  relationship  to  MTBF  relative  differences,  the  average 
value  would  be  approximately  the  same  for  each  interval.  Conversely,  if  a 
relationship  did  exist,  the  averages  would  be  dissimilar  and  the  direction 
of  the  movement  of  the  averages  would  provide  some  insight  into  the  nature 
of  the  relationship. 

The  factors  investigated  fell  into  three  major  subgroups: 

• General  Design  and  Use  Characteristics  (function,  weight,  volume, 
cooling  method,  etc.) 

• Parts  (number,  density,  type , quality) 

• Burn-In  (duration,  failures) 

5*2.1  General  Design  and  Use  vnaracteristics 

The  relationships  between  the  MTBF  ratios  and  the  constituent  factors 
in  this  group  are  presented  in  Table  12  below.  The  apparent  conclusions 
that  can  be  drawn  and  probable  explanations  for  each  are: 

Function:  The  functions  appear  to  cluster  into  three  groups: 

Interface  units  and  RF  ’units  having  the  beBt  laboratory/f'eld 

correlation,  Displays  and  Qontrols  WRA’b  or  Racks  and  Cabinets 
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TABLL  12  AVERAGE  MTBF  RATIOS  FOR  SELECTED  WRA 
DESIGN  AND  USE  CHARACTERISTICS 


Punct ion 

Average  # 
MTBF  Ratio 

Interface  Equipment 

2.5 

RF  Receivers  and  Transmitters 

2.6 

Computers 

6.9 

Power  Supply 

7.5 

Signal  Processing 

7.9 

Electro-Mechanical 

9.2 

Displays  and  Controls 

12.7 

Racks  and  Cabinets 

22.3 

Average 
MTBF  Ratio 


Before  1970 
After  1970 


Weight 

(Pounds) 

Average  # 
MTBF  Ratio 

Under  20 

8.8 

21  to  40 

8,2 

41  to  80 

7.7 

Over  80 

2-6 

Demonstrated  MTBF/Field  MTBF 


TAhLIS  12  AVERAGE  MTBF  RATIOS  FOR  SELECTED  WRA 
DESIGN  AND  USE  CHARACTERISTICS  (Continued) 


Volume 


Volume 

Average  ^ 

(Cubic  Inches) 

MTBF  Ratio 

Under  100 

3.2 

101  to  1000 

8.7 

Over  1000 

8.7 

MIL  Class 


MIL  Class 

Average  # 
MTRF  Ratio 

1A 

2.4 

1 

6.4 

2 

9.4 

Aircraft  Propulsion 


Type 

Average  ^ 
MTBF  Ratio 

Propeller 

Jet 

6.4 

9.0 

*Demonotrated  MTBF/Field  MTBF 


Power  Density 


Power 

Dissipation^ 
(Watts/lncheo’3  ) 

Average  * 
MTBF  Ratio 

Under  0.01 

11.7 

0.01  to  0.10 

7.5 

0.10  -0  0.50 

8.8 

Over  0.50 

2.6 

Cooling  Method 


■Type  of 

Average  ^ 

Cooling 

MTBF  Ratio 

Supplemental 

4.3 

Ambient 

11.5 

Mounting  Method 


£ 

9 

0 

>•*> 

Average  * 

Mounting 

MTBF  Ratio 

Isolator 

7.0 

Hard  Mounted 

9.0 
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having  the  worst  correlation,  and  the  remaining  functions  fairly 
closely  concentrated  between  7.0  and  $.0.  The  poor  performance  of  the 
Displays  and  Controls  could  he  indicative  of  poor  duplication  of  the 
field  usage  conditions  during  the  demonstration  test.  Usual  field 
operations  Include  more  on/off  cycling,  switching  of  functions, 
crew  preference  adjustments,  etc.,  than  that  required  in  the  laboratory. 
Because  of  this  additional  usage,  there  is  a greater  tendency  for 
equipment  abuse  on  the  part  of  both  the  flight  and  ground  crews . Backs 
and  Cabinets,  which  primarily  contain  connectors  and  interconnecting 
cabling,  could  be  indicative  of  the  differences  in  handling,  checkout, 
installation  techniques  and  differences  in  configuration  between  the 
demonstration  test  article  and  those  that  are  deployed,  The  relatively 
good  correlation  of  the  RF  units  can  possibly  be  attributed  to  more 
careful  engineering  attention  to  design  of  vehicle  installation  due  to 
the  criticality  of  EMI  requirements,  associated  coaxial  cable/ waveguide 
inns , etc.,  resulting  in  demonstration  test  units  more  representative 
of  end-use  application. 


Vintage : The  VRA's  of  more  recent  deeign  have  a better  correlation 

that  those  designed  before  1970.  This  is  probably  a reflection  of 
newer  technology  and  the  increased  emphasis  on  reliability  in  design 
With  the  imposition  of  move  comprehensive  reliability  requirements. 
Thus,,  this  emphasis  has  resulted  in  more  attention  being  paid  to  parts 
selection  and  application,  more  formal  design  reviews,  additional 
testing  .requirements,  and  more  thorough  and  systematic  requirements 
for  failure  investigation,  and  corrective  action/ closeout  during  the 
development  and  testing  phases , 

Weight;  WM  weight  does  not  appear  to  have  much  bearing  on  reliability 
differences  except  for  those  heavy  (greater  than  80  lbs.)  items.  Two 
possible  explanations  that  may  support  tMis  observation  are: 

«»  these  heavy  items  are  probably  wore  rugged  than  idle  lighter  WRA'a 
and  thus  lens  susceptible  to  failure  induced  by  the  dynamic 
environment  of  the  aircraft 


... , 


« items  thin  heavy  generally  require  special  handling  equipment  for 
installation  and  transportation  from  the  aircraft  to  the  shop  and  fire 
thus  lens  likely  to  experience  any  failures  induced  by  mishandling. 

Volume:  Very  small  WRA's  (under  100  cubic  inches)  appear  to  perform 

bettern  than  the  larger  units.  These  are  probably  very  simple  units 
with  very  few  failure  mechanisms 

Power  Density;  There  does  not  appear  to  be  any  consistent  relation- 
ships between  dissipation  per  unit  volume  and  MTHF  differences.  The 
one  observation  worth  noting  is  that,  contrary  to  prior  feeling,  the 
higher  power  density  units  show  greater  correlation  than  those  with 
lower  density.  This  probably''  results  from  greater  design  emphasis 
placed  on  assuring  proper  thermal  environment  and/or  in  the  selection 
and  application  (e.g.,  derating)  of  components  to  survive  in  that 
environment.  This  result,  is  consistent  with  the  greater  correlation 
obtained  for  supplementa'lly  cooled  WRA's  as  discussed  below. 

MIL  - Clans:  Tile  more  severe  the  end-use  environment,  the  poorer  the 

agreement  between  demonstrated,  and  field  MFBF's.  This  suggests  that 
the  demonstration  test  temperature  environment  less  adequately  dupli- 
cates the  stresses  of  a MIIr-E-5^00  Class  2 temperature  environment 
than  for  Class  1. 

Cooling  Requi rement : WRA's  that  do  not  have  supplemental  cooling  have  & 

poorer  correlation  that  those  that  do.  Since  supplementolly  cooled 
WiiA's  are  more  decoupled  from  the  natural  temperature  environment, 
reliability  differences  are  less  likely  to  be  affected  by  differences 
between  the  laboratory  and  field  environments  than  those  that  are 
ambient  cooled.  In  addition,  ambient  cooled  WRA's  are  also  more  likely 
to  experience  the  effects  of  moisture  since  the  potentiality  for  water 
vapor  migration  into  the  WRA  is  greater  than  for  supplemental! y cooled 
items. 

Propulsion  System:  WRA's  installed  In  jet  aircraft  correlate  worse 

than  those  installed  in  propeller  driven  planes.  This  may  be  expiained 
ty  the  fact  that  the  vibration  environment  during  demonstration  testing 
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(sinusoidal)  more  closely  resembles  the  environment  seen  in  propeller 
aircraft  that  than  of  jet  aircraft  (I'andom). 

Mounting  Method:  WRA1  a that  are  vibration  isolator  .mounted  have  a 

small  tendency  to  outperform  those  that  are  hard  mounted.  Since  the 
purpose  of  special  mounting  is  to  minimize  the  input  environment  to 
the  WRA,  this  observation  is  consistent  vrith  expectation  but  not  as  ef- 
fective as  one  would  have  thought, 

5.2,2  Parts 

A similar  investigation  was  performed  to  determine  if  demonstration  to 
field  Mi'BF  differences  were  affected  by  the  quantity,  types,  or  quality  of 
the  parts  used  in  each  WRA.  The  measures  used  to  describe  parts  character- 
istics were;  quantity  packaging  density  (parts/cubic  in.),  percent  micro- 
circuits,  and  percent  high  reliability  (TX,  ER  or  better).  The  values  for 
each  WRA  are  listed  in  Table  E-l. 

The  significant  relationships  between  theBe  measures  and  MTBF  relative 
differences  are  shown  in  Table  13  and  are  discussed  below.  No  relationship 
was  found  between  porta  quantity  and  MTBF  differences. 

Packaging  Density:  No  apparent  relationship  between  packaging  density 

and  WTBF  differences  exists.  However,  it  is  noted  that  the  units  with 
the  highest  density  (greater  than  h parta/in^)  exhibited  the  poorest 
correlation.  This  may  bo  Indicative  of; 

* field  failures  induced  by  maintenance  personnel  while  repairing 
prior  failures. 

• localized  thermal  stresses  occurring  during  field  usage  which  the 
demonstration  test  ia  incapable  of  reproducing  due  to  the  higher 
thermal  inertias  and  relatively  short  dwell  times  at  temperature. 

Percent  Microcircuits;  The  better  reliability  correlation  1b  as- 
sociated with  those  WRA's  that  have  a relatively  high  (greater  than 
50$)  microcircuit  population.  Since,  for  the  equipment  sample  of  this 
study,  virtually  all  of  the  microcircuit  applications  ere  digital,  it 


follows  that  a higher  percentage  of  microcircuits,  implies  a higher 
proportion  of  digital  circuitry  in  the  equipment;  consequently , since 
digital,  circuitry  is  relatively  insensitive  to  temperature  as  well  as 
other  environmental  effects,  this  correlation  is  reasonable. 

Percent  High  Reliability  Parts:  As  the  proportion  of  high  quality 

parts  in  a WRA  Increase,  the  correlation  between  the  laboratory  results 
and  the  field  improves.  This  indicates  that  these  parts  are  less 
likely  to  be  affected  by  the  environmental  differences  (primarily 
temperature  and  vibration)  between  the  laboratory  and  the  field  than 
those  of  lower  quality. 

5.2.3  WRA  Burn-In 

The  effects  of  WRA  burn-in  requirements  on  reliability  differences  were 
investigated.  Specifically,  WRA  bum-in  experience  data  for  units  in  pro- 
duction wae  collected  and  several  measures  were  defined  for  the  analysis. 

The  raw  turn-in  data  for  each  wka  is  presented  in  Table  E-2.  All  the  WRA’s 
in  this  study  were  subjected  to  a burn-in  test  under  environmental  condi- 
tions, This  was  true  for  all  production  units  as  well  as  the  demonstration 
unit.  The  environments  were  limited  to  temperature  and  vibration.  The 
specific  levels,  and  cycle  durations  were  generally  identical  with  those 
of  the  WRA  demonstration  test. 


Two  measures  relating  to  the  total  duration  of  the  bum-in  test  were 
defined.  One  was  simply  the  number  of  hours  of  burn-in  testing  a WRA 
experienced  and  the  other  was  the  number  of  hours  divided  by  the  predicted 
MZ'BF  of  tn<;  WHA.  The  latter  measure  normalized  each  burn-in  duration  to  a 
corresponding  inherent  reliability  capability. 

The  purpose  for  using  both  measures  was  to  determine: 


e if  bum-in  times  affected  the  MTBF  differences 

• whether  the  absolute  value  or  the  relative  length  is  more  meaningi"ul 
in  specifying  bum-in  duration 

* specific  limits  on  the  burn-in  time. 
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The  relationships  vith  MTBF  differences  for  each  of  these  measures 
is  shown  in  Table  l4.  They  indicate  that  as  bum-in  time  increases,  the 
correlation  between  demonstration  and  field  is  better.  Although  some 
point  of  diminishing  returns  must  economically  exist,  the  data  indicates 
that,  at  least  until  500  hours,  the  more  burn-in  the  better.  The  data  also 
indicates  that  poor  correlation  exists  when  the  burn-in  duration  is  a very 
small  fraction  of  the  predicted  NJTHF.  It  further  suggests  that  the  bum-in 
duration  should  approximate  or  be  greater  than  the  predicted  KETBF.  This, 
of  course,  does  not  consider  economic  trade-offs  that  must  be  made  for 
high  reliability  items.  The  two  results  taken  together,  suggest  that, 
within  the  range  of  the  data  analyzed,  a practical  approach  for  specifying 
a burn-in  duration  requirement  could  encompass  some  variation  such  as: 

• at  least  one  multiple  of  the  predicted  MTBF  with  a minimum  of  200 
hours  for  low  MTBF  WRA's. 

• at  leant  10^  of  the  predicted  MTBF  with  a jnajdmuiu  of  5 00  hours  lor 
high  MTBF  WRA’s. 

It  should  be  pointed  out  that  these  conclusions  are  associated  with  a 
burn-in  test  under  environments  where  the  temperature  and  vibration  re- 
quirements were  essentially  Indent.  J.cal  with  those  in  MIL-STD-781.  Recent- 
ly performed  studies  (Eef.  8 and  Ref.  13)  indicate  that  a more  effective 
and  shorter  burn-in  test,  (with  resultant  cost  savings)  can  be  realized  by 
imposing  random  vibration  and  a more  rapid  thermal  cycling  profile  as  test 
requirements . 

Data  on  the  average  number  of  failures  per  unit  burned -in  was  also 
collected  for  each  WRA.  The  original  intent  was  to  use  this  data  as  s gauge 
of  the  total  emphaBis  on  quality  during  fabrication.  It  was  argued  that 
since  the  purpose  of  the  burn-in  test  was  to  uncover  workmanship  defects, 
the  defects  found  should  be  proportional  to  the  emphasis  on  manufacturing 
quality  and  inspection  during  fabrication.  Further,  since  the  number  of 
burn-in  failures  should  Increase  with  box  complexity,  it  was  also  decided 
to  use  the  number  of  failures  per  part  as  a normalized  measure  of  quality. 
The  last  measure  defined  for  this  analysis  waJ  the  ratio  of  bum-in 


TABLE  14  AVERAGE  MTBF  RATIOS  FOR  WRA  BUM-IN  MEASURES 


Burn-In  Hours  (Production  Units) 


Hours 

Average  * 
MTBF  Ratio 

Under  100 

10.9 

100  to  200 

5.9 

200  to  5*00 

3.9 

Burn-In  Hours  (Production  Units)/ 
Predicted  MTBF 


Interval 

Average 
KTBF  Ratio 

Under  0.001 

19.3 

0.001  to  0.01 

8.3 

0.01  to  0.10 

8 .4 

0.10  to  1.00 

5.9 

Over  1.00 

3. A 

Burr -In  Failures 


Lumber  of 

Average  # 

Failures 

MTBF  Ratio 

Under  0.5 

9.5 

0.5  to  1.0 

7.0 

x » 0 to  0 

8.0 

Over  4.0 

3.3 

Burn-In  Failures/Number  ox"  Parts 


— ...I 

iuoOI  Vttl 

Average  w 
MTBF  Ratio 

Under  0.001 

7.1 

0.001  to  0.01 

11.3 

0.01  to  0.10 

21.4 

Burn-In  Failures/' 
(Hours/Predicted  MTBF) 


Interval 

Average  ^ 
MTBF  Ratio 

Under  0,5 

10.1 

0.5  to  2.0 

3.1 

Over  2.0 

8.2 

Demonstrated  HTBF/Field  MTBF 
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failures  to  predicted  MTBF.  The  rationale  for  using  this  measure  was  to 
provide  an  allowance  for  the  random  failure  phenomena.  It  was  argued  that 
even  if  no  workmanship  failures  were  present  in  a WRA,  random  failure 
would  still  occur.  In  T hours  of  testing,  the  expected  number  of  random 
failures  would  approximate  T/MTBF.  Thus  the  measure  defined  would  describe 
the  relative  number  of  failures  in  excess  of  expectation. 

The  relationship  between  each  of  the  measures  discussed  above  and  the 
MTBF  ratios  ore  also  shown  in  Table  14.  A review  of  these  tables  points 
out  that  bum-in  failures  is,  in  fact,  an  ambiguous  measure.  Not  only  does 
it  reflect  emphasis  on  quality,  it  also  describes  the  effectiveness  or 

efficiency  of  the  bum-in  test.  Everything  else  being  equal,  the  more 

* 

rigorous  the  burn-in  test,  the  more  failures  it  will  produce.  Comparison 
of  the  relationship  of  number  of  failures  with  that  number  of  failures  per 
part  illustrates  this  ambiguity.  It  indicates  that  the  demonstration  to 
field  MTBF  average  ratio  decreases  significantly  when  the  number  of  burn- 
in  failures  is  greater  than  A,  This  could  be  the  result  of  such  a good  burn- 
in  test  that  it  uncovered  a significant  number  of  problems  which  otherwise 
would  manifest  themselves  in  the  field.  Thus  the  WRA  would  fail  less  often 
in  the  field  resulting  in  a better  correlation  with  laboratory  results. 
Examination  of  the  relationship  of  burn-in  failures  per  part  to  MTBF  dif- 
ferences shows  the  other  side  of  the  possible  interpretation.  Here,  where 
failures  are  normalized  to  complexity,  the  more  failures  per  part  the  worse 
the  correlation  between  demonstration  and  fieH-d  MTBF's.  This  illustrates 
the  point  that  the  degree  of  emphasis  on  quality  issues  during  fabrication 
significantly  impacts  the  correlation  of  laboratory  and  field  MTBF'e. 

These  two  possible  interpretations,  acting  together,  could  be  the  explana- 
tion for  the  relationship  of  burn-in  failures/expected  failures  to  MTBF 
differences.  For  this  measure,  the  best  correlation  is  achieved  on  those 
WBA's  that  had  an  actual/expected  bum-in  failure  ratio  between  0.5  and  2,0. 
This  could  be  interpreted  to  mean  that  poor  reliability  correlation  between 
the  laboratory  and  the  field  is  more  likely  when: 

• the  burn~in  test  is  ineffective  and  does  not  screen  out  sufficient 
worhmanship/quality  failures  (ratio  less  than  0.5) 
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• the  emphasis  on  quality  during  manufacture  is  so  low  that  too  many 
failures  result  during  burn-in  testing  (ratio  greater  then  2.0) 

It  is  recognized  that  any  measure  that  uses  bum-in  failures  directly 
in  its  derivation  has  limited  future  application.  This  is  the  only  data 
element  that  is  not  available  prior  to  a demonstration  test  since  it  is 
dependent  on  acceptance  test  data  of  production  units  which  is  not  available 
until  well  after  completion  of  the  demonstration  test.  As  previously  in- 
dicated, burn-in  failures  were  selected  to  describe  emphasis  on  quality,  with 
the  expectation  that,  if  it  showed  good  correlation  to  MSTF  differences,  then 
it  would  provide  the  motivation  and  justification  for  a separate  study,  to 
develop  an  expression  that  quantifies  the  relationship  among  the  program 
elements  that  address  quality  issues . 

Hie  conclusion  drawn  from  the  above  analysis  is  that  measures  derived 
from  the  number  of  burn-in  failures  on  production  units  do  relate  to  demon- 
stration/field  MTHT  differences.  The  proper  application  of  these  relation- 
ships, however,  depends  on  interpretation,  and  it  awaits  some  other  study 
to  determine  the  combined  effect  and  an  overall  relationship  among  bum- in 
requirements  and  quality  oriented  parameters. 

Table  15  summarizes  the  major  conclusions  drawn  from  the  analysis  of 
WRA  design  and  end  vise  application  characteristics.  It  identifies  those 
items  which  tended  to  produce  the  very  strong  and  very  weak  correlation 
between  demonstrated  and  field  MTBF's  and  associtates  a possible  cause  for 

i 

each  such  item. 
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TABLE  15  WRA  DESIGN  AND  EMD-UBE  CitARACTERISTICS  SIGNIFICANTLY 


STRONGEST 

CORRELATION 

| Factors 

Possible  Cause 

WRA  Function 

® RF  Equipment 

More  careful  engineering  attention 

More  Recent  Design 

improvement  in  reliability  programs 

Very  Heavy 

Sped  nl  handling  in  field 

Very  Small 

Few  failure  mechanisms 

High  Power  Density 

More  careful  engineering  attention 

Fo "ed  Ai  r Cooled 

More  decoupled  from  natural 
temperature  environment 

High  Microcircuit  Content 

Less  sensitive  to  field  environments 

High  'High  Reliability"  Part  Content 

Less  sensitive  to  field  environments 

Effective  Burn-in  Tests 

Screens  out  failures  before  they  can 
occur  in  the  field 

1 " s 

WEAKEST  CORRELATION 

Factor 

Possible  Cause 

WRA  timet  ion 

* Disp?-ay a and  Controls 

F~equent  on/off  cycle,  field  abuse 

• Racks  and  Cahinets 

Handling  differences 

Ambient  Cooled 

Closely  coupled  to  local  thermal 
environment,  moisture 

Jet  Propulsion 

Wrong  test  type 

High  Package  Density 

Maintenance  induced,  local  thermal 
stresses 

Poor  Manufacturing  Quality 

Introduces  additional  field  failures 
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5,3  Environmental  Analysis 


5. 3*1  Approach 

As  indicated  in  Section  I,  many  reasons  have  been  advanced  to  explain 
the  discrepancies  between  demonstrated  and  field  values  of  reliability. 
Although  the  focus  of  this  study  has  been  on  the  environment,  this  does  not 
suggest  that  it  is  the  only  factor  or  even  the  dominating  factor  in  account- 
ing for  these  reliability  differences.  Each  of  the  other  potential  influences 
identified  in  paragraph  5.2  can  and  often  are  the  reason  for  differences  on 
a specific  WKA.  The  fact  that  the  environment  alone  cannot  be  the  sole 
explanation  is  illustrated  by  the  results  of  the  Grumman  study  performed 
for  WPAFB  (ref.  1).  In  that  study  a sample  of  31  WRA's  were  selected  for 
analysis.  These  31  items  were  specifically  selected  because  the  data  re- 
viewed indicated  that  they  had  experienced  field  failures  that  were  environ- 
mentally induced.  Even  in  this  biased  sample  only  50%  of  the  total  field 
failures  on  these  WRA's  could  be  associated  with  environmentally  related 
considerations , It  is  then  reasonable  to  expect  that  in  this  study,  where 
the  WRA  selection  was  much  more  random  with  respect  to  environnxintal 
influences,  that  something  less  than  half  of  the  influence  on  reliability 
differences  is  directly  attributable  to  environmental  problems. 

These  arguments  suggest  that  it  would  be  futile  to  expect  an  even  near 
perfect  relationship  between  an  environmental  factor  and  reliability  dif- 
ferences. In  addition,  any  attempt  to  determine  a precise  relationship 
that  considers  all  factors,  environmental  and  non-envircnmental,  simultane- 
ously would  require  a sample  size  and  associated  data  collection  effort  that 
would  be  economically  prohibitive. 

Thus,  the  general  approach  adopted  for  this  study  was  to  search  for 
and  identify  genei al  trends  in  the  data.  Because  of  all  the  possible  influ- 
enceo  on  any  data  point,  the  most  rational  approach  was  to  analyze  the  data 
with  a view  to  identifying,  understanding,  and  explaining  any  general  type  of 
relationship  between  an  environmental  factor  and  reliability  differences 
that  emerges  from  the  analysis  of  the  data.  The  direction  of  the  analysis 
was  to  identify  those  general  trends  in  the  data  whicli  would  provide 
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indications  and  direction  as  to  which  environmental  test  parameters  (levels, 
durations)  were  the  apparent  drivers  and  how  these  parameters  should  be 
| modified  in  a Reliability  Demonstration  Test  so  as  to  make  the  results  of 

I such  a test  a better  barometer  of  the  reliability  of  the  WRA  that  is  sub- 

sequently achieved  once  it  is  in  the  field, 

| As  indicated  previously,  the  method  of  WRA  cooling  and  the  type  of 

propulsion  system  significantly  defines  the  environment  of  a WRA.  It  was 

$ 

I thus  decided  to  partition  the  data  first  by  cooling  method  (ambient  cooled 

{ and  forced  air  cooled)  and  then  by  propulsion  system  (jet  and  propeller) 

i 

* to  assure  consistent  environmental  comuarisons*  Figure  20  shows  the  coin- 

i 

i 

parison  of  cumulative  distributions  for  the  two  cooling  methods.  The  com- 
parison  for  propulsion  types  is  shown  in  Figure  21.  A review  of  these 
figures  indicated  that  for: 

• Forced  Air  Cooled  WRA's 

- 50$  of  the  WRA's  in  this  group  had  ratios  of  2.0  or  less,  and 

- 75^  had  ratios  of  5.0  or  less. 
m Ambient  Cooled  WRA's 

- 50^  of  the  WRA's  in  this  group  had  ratios  of  U.O  or  less,  and 

- 75$  had  ratios  of  15.0  or  less 

• WRA's  Installed  on  Propeller  Aircraft 

- srrtt  of  the  WRA's  had  ratios  of  1.7  or  less,  and 

- 75^  had  ratios  of  5.k  or  less 

• WRA's  Installed  on  Jet  Aircraft 

- 50%  of  the  WRA's  had  ratios  3*5  or  less,  and 

- 75%  had  ratios  of  10.1  or  less 

again  showing  the  influence  of  cooling  method  and  propulsion  type  on 
reliability  difference. 
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5*3.2  Envl roamis rit. a.l  Parttme 'be r Be le c t j. o n ! 

The  major  intent  of  this  analysis  was  to  determine  which.,  am:I  to  what, 
extent,,  difference!!  in  reliability  were  associated  with  differences  between 
laboratory  and  field  environments.  The  measure  of  an  environmental  parameter 
difference  was  taken  as  the  ratio  of  the  field  value  to  the  laboratory  value. 
Here  again,  the  purpose  was  to  establish  a dimensionless  measure  that  was 
independent  of  absolute  values  of  the  parameter.  TYneae  measures  may  then 
in  a broad  sense  be  considered  at:  the  analogs!  to . "stress  ratios , " 

Baaed  on  a review  of  the  environmental  data  presented  in  Appendices  B 
and  C,  specific  environmental  parameters  ware  selected  as  the  basis  for 
comparison  with  reliability  differences*.  The  parameters  selected  were  those 
that  had : ' 

» a wide  range  of  values  in  the  field 

• a significant  range  of  differences  between  laboratory  and  field 

.!*.  1 1 'I  ■ 

« couia  bo  specified  in  a.  laboratory  test 

The  constituent  field  and  laboratory  elements  of  each  environmental 
measure  used  are  defined  in  Table  16  below.  In  all  cates  the  measure  waa 
evaluated,  as  the  ratio  of  the  field  value  to  the  laboratory  value.  In 
those  cases  where  1 11  vision  by  aero  could  occur  a scmll  increment  was,  added 
to  numerator  and  denominator  for  all  MSA’s.. 

5*3*3  Bnv ironme nt al  Relationships 

Each  of  these  environmental  differences  vac  investigated  in  turn,  no 
determine  if  #nd  how  the  MT'BF  difference!?  changed  an  the  value  of  the 
parameter  changed.  Specifically,  for'  each  environmental  parameter  studied, 
subgroups  were  defined,  the  MBA’s  falling  into  each  suVogrcuup  identified, 
and  the  average  of  the  MTUF  ratios  for  those  MPA' a determined.  In  moat 
cases  the  clans  intervals  defied  for  an  environment  were  not  of  equal  widths. 
Tills  was  necessary  because  the  data  was  not  uniformly  distributed  oyer  the 
entire  range  of  values  but  tended  to  cluster  at  certain  value* « Thus  the 
class  intervals  were  constructed  to  represent  the  prepondawice  of  data 
points  and  also  eliminate  empty  claws  intervals.  Since  WM  cooling  method 
and  type  of  propulsion  system  are  significant  influences,  it  was  decided 
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TABI£  16  FIELD  AND  LABORATORY  COMPONENTS  OF  ENVIRONMENTAL  MEASURES 


Environmental  Measure  I Field  Environment 


Temperature 


Low  Ambient 

High  Ambient 

Ambient  Rate  of 
Change 


Time 


Low  Temperature 


Minimum  In-Flight  Compart- 
ment Temperature  (°K) 

Maximum  In-Flight  gompart- 
ment  Temperature  ( K) 

Maximum  In-Flight  Compart- 
ment Temperature  Rate  of 
Change  ( /minute) 


Laboratory  Environment 


Minimum  Chamber  Tempera- 
ture (a) 

Maximum  Chamber  Tempera- 
ture ( K) 

Maximum  Chamber  Tempera- 
ture Rate  of  Change 
(/minute ) 


Expected  Operating  Time  at 
Low  Temperature  Throughout 
a Time  Interval  Equal  to 
Total  Laboratory  Operating 
Time  (Hours) 


Operating  Time  at  Low 
Temperature  (Hours) 


High  Temperature  Expected  Operating  Time  at  Operating  Time  at  High 
High  Temperatures  Through-  Temperature  (Hours) 
out  a Time  Interval  Equal 
to  Total  Laboratory  Oper- 
ating Time  (Hours) 


High  Temperature 


Low  Temperature 


Maximum  Flow  Rate 


Pressure 

Lowest  Pressure 


Level  (Propeller 
Aircruft) 

Level  (Jet 
Aircraft) 

Duration 


Maximum  Temperature  of  Maximum  Temperature  of 
Cooling  Air  in  Flight  (°K)  Cooling  Air  During  Test 

TO 

Minimum  In-Flight  Tempera-  Minimum  Temperature  cf 
ture  of  Cooling  Air  ( K)  Cooling  Air  During  Test 

TK) 

Maximum  In-Flight  Cooling  Maximum  Cooling  Air  Flow 

Air  Flow  Pfi t.p  ( lbs /ml  n)  p_n During  Teat  (Ibs^mln) 


Minimum  Atmospheric  Pres-  Laboratory  Ambient  Condi- 
aure  in  Flight  (psia)  tionB  (lU.7  psia) 


Maximum  Measured  In-Flight  Vibration  Level  During 
(g  peak)  Test  (g  peak) 

Maximum  Measured  In-Flight 
Level  (PSD) 

Expected  Flight  Hours  in  Accumulated  Vibration 
an  Interval  Equal  to  the  Test  Time 
Total  Laboratory  Operating 
Time  (Hours) 


to  partition  the  data  on  cooling  method  for  the  investigation  of  temperature 
related  variables  and  on  propulsion  system  for  the  investigation  of  vi- 
bration related  variables.  Hie  relationships  between  these  environmental 
parameters  and  MTBF  differences  are  shown  graphically  in  Figures  22,  23,  24, 
and  25.  Figures  22  and  23  show  the  significant  thermal  relationships  for 
ambiently  cooled  and  forced  sir  cooled  WRA's  respectively.  Hie  relationships 
involving  vibration  parameters  are  shown  in  Figure  24  for  WRA's  installed 
in  jet  aircraft  while  those  in  propeller  driven  aircraft  are  shown  in 
Figure  25- 

2 . 3 • 3 • 1 Ambient  Cooled  WRA's 

A review  of  the  relationships  presented  in  Figure  22  indicates  the 
following ; 

c Closer  correlation  between  demonstrated  and  field  reliability  vas 
achieved  on  those  WRA's  whose  chamber  low  temperature  test  level 
approximated  the  inflight  low  compartment  temperature . The  average 
MTBF  ratio  of  approximately  4.0  in  the  low  temperature  interval  of 
1.01  - 1.10  compared  with  average  MTBF  ratio  of  11. 5 for  all  ambient 
cooled  WRA's  indicates  that  this  parameter  could  be  a significant 
driver  for  improving  laboratory  to  field  correlation.  It  further 
suggests  that  the  current  low  temperature  test  requirement  in  Mllr- 
STD-701  of  Just  soaking  the  test  article  at.  ->>4°C  may  not  be  an 
adequate  low  temperature  test. 

« As  with  low  temperature , the  better  MTBF  correlation  occurred  on 
those  WRA's  where  the  laboratory  high  temperature  extreme  closely 
approximated  compartment  high  temperature  conditions  while  in  flight. 
This  suggests  that  just  soaking  at  a high  temperature  limit  for  a 
long  period  of  time  may  not  be  a sufficient  demonstration  test 
requirement.  Although  the  MTBF  ratio  at  the  low  point  in  the  curve 
la  higher  than  the  correspond!  1^5  point  on  the  low  temperature  curve, 
the  general  shape  still  indicates  a sizeable  reduction  at  a ratio 
approximating  1.0. 
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Environmental  Ratio 


Field  Environmental  ParaMoter/Laboratory  Jkivironmental  Parameter 
Demonstrated  MTBF/FLald  MTBF 

***J>snotQS  the  number  of  WRA's  represented  by  the  data  point. 

FIGURE  22a  SIGNIFICANT  RELATIONSHIPS  BETWEEN  ENVIRONMENTAL  AND  RELIABILITY 

RATIOS  FOR  AMBIENT  COOLED  WRA's 
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Environmental  Ratio 


It 

Field  Environmental  Parameter/Laboratory  Environmental  Parameter 
**D«oonstr*t*d  MTBF/Field  KTBF 

***Denotee  the  number  of  WRA'e  represented  by  the  data  point. 

FIQURE  22b  SIGNIFICANT  RELATIONSHIPS  HETWEEN  ENVIRONMENTAL  AND  RELIABILITY 
RATIOS  FCR  AMBIENT  COOLED  WRA'e  (Continued) 
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When  ambient  temperature  rate  of  change  was  at  least  as  great  in 
the  laboratory  as  that  experienced  in  flight  the  field  reliability 
was  closer  to  the  demonstrated  value.  This  suggests  that  the  5°C/ 
minute  chamber  temperature  rate  of  change  should  probably  be  con- 
sidered as  an  absolute  minimum  value  and  that  requirements  should 
be  tailored  to  the  anticipated  rates  expected  in  the  field. 

Closer  demonstration  to  field  hfTBF  agreement  occurred  on  those  WRA's 
whose  total  operating  time  at  low  temperatures  during  the  test  more 
closely  resembled  the  expected  operating  time  at  low  temperature  in 
the  field.  Hie  existing  MIL-STD-781  method  requires  that  the  equip- 
ment be  off  during  the  low  temperature  soak  and  he  turned  on  when 
starting  to  raise  the  chamber  temperature  , thus  never  ..simulating 
in-flight  operating  conditions  in  a cold  environment . This  data 
appears  to  suggest  that  a provision  to  operate  the  equipment  at 
anticipated  mission  low  temperatures  be  required.  The  accumulated 
operating  time  at  low  temperature  should  be  somewhat  in  excess  (but 
not  grossly)  of  that  expected  in  the  field. 

No  relationship  could  be  found  for  operating  time  at  high  tempera- 
ture or  for  the  low  pressure  comparison.  Ibis  suggests  that: 

/ 

- the  current  MIL-STD-781  high  tenqperature  operating  schedule  is  / 

adequate  or,  since  so  much  operating  time  was  accrued  in  the  / 
laboratory  at  high  temperature,  differences  between  that  and  the 
field  are  negligible  in  terms  of  their  effect  on  reliability; 
differences  / 

- pressure  differences  do  not  significantly  contribute  to  reliability 
differences 

When  viewed  all  together,  these  observations  suggest  that  for 
ambient  cooled  WKA's,  the  demonstration  test  thermal  environment 
for  at  least  part  of  the  test  should  more  closely  approximate  the 
expected  in-flight  environment . The  combination  of  more  representa- 
tive temperature  extremes  and  faster  rates  of  change  implies  when 
viewed  relative  to  the  current  method  of  demoneti’ation  testing 
(long  dwells  at  extremes  and  moderate  rates  of  change  from  one 
extreme  to  the  other),  that  better  reliability  correlation  would 


be  achieved  by  more  frequent  cycling  at  a higher  rate  of  change 
between  limits.  This  test  concept  would  better  reproduce  the 
thermally  induced  stress  reversals  currently  experienced  during 
field  operation. 

5 • 3 • 3 • 2 Forced  Air  Cooled  WRA's 

A review  of  the  relationships  between  environmental  parameters  and  the 

MTBF  ratios  presented  in  Figure  23  indicate: 

* The  poorer  demonstration  to  field  MTBF  ratios  are  associated  with 
those  WRA's  where  the  chamber  high  temperature  was  less  than  the 
inflight  compartment  high  temperature.  In  addition,  the  data 
indicates  that  when  the  maximum  temperature  of  the  cooling  air  was 
higher  in  the  lab  than  in  the  field  the  reliability  correlation 
improved.  Since  the  requirement  for  supplemental  cooling  air  is 
generally  dictated  by  the  amount  of  heat  to  be  dissipated,  these 
observations  suggest  that  the  high  temperature  environment  provided 
by  present  demonstration  tests  is  generally  less  severe  than  that 
experienced  in  the  field.  This  indicates  that  the  demonstration 
test  should  be  structured  to  require,  for  at  least  part  of  the  test, 
that  the  highest  chamber  temperature  coincide  with  minimum  cooling 
capacity  consistent  with  the  cooling  limits  of  the  WRA  specification, 

• The  closer  reliability  agreement  between  the  laboratory  and  the  field 
occurred  on  those  WRA's  whose  low  temperature  limit  during  the  test 
approximated  the  inflight  compartment  low  temperature,  furthermore, 
those  WRA' s subjected  to  a maximum  cooling  air  flow  rate  in  the 
laboratory  exceeding  that  which  it  experienced  in  the  field  had  the 
better  reliability  correlation.  This  suggests  that  low  temperature 
ambient  level,  of  itself,  may  not  be  a dominant  influence.  However, 
the  current  laboratory  requirement  of  having  the  equipment  non- 
operative and  the  cooling  air  off  when  decreasing  temperature  and 
during  the  soai:  at  low  temperature  (-54°C),  may  not  be  reproducing 
significant  field  effects.  Since  forced  air  cooled  boxes  are  poorly 
coupled  with  the  ambient  temperature  environment,  the  effect  of 
driving  the  chamber  temperature  down  without  an  assist  from  the 
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FIGURE  23*  SIGNIFICANT  RELATIONSHIPS  HETWEEN  ENVIRONMENTAL  AND  RELIABILITY 
RATIOS  FOR  FORCED  AIR  COOLED  WRA'b 
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FIGURE  23b  SIGNIFICANT  RELATIONSHIPS  BETWEEN  ENVIRONMENTAL  A}©  RELIABILITY 
RATIOS  FOR  FORCED  AIR  COOLED  WRA*»  (Continued) 


119 


.-JW  I W«1l  "-1 


cooling  air  is  to  produce  a slow  reduction  in  internal  WRA 
temperatures  (e.g.,  component  local  temperatures).  Furthermore, 
as  indicated  previously,  the  primary  thermal  environment  is  pro- 
vided by  the  cooling  air.  Consequently,  if  the  chamber  temperature 
was  not  as  low,  and  if  the  soak  periods  were  shorter  than  those 
required  in  MIL-3TD-781,  the  WRA  would  be  required  to  be  powered 
on  and  operated  more  frequently.  This,  in  turn,  would  require  the 
introduction  of  cooling  air  more  frequently,  thus  subjecting  the 
WRA  to  its  normal  thermal  environment  more  frequently.  Since  the 
flow  rate  in  the  field  varies  with  mission  operational  parameters 
and  since,  as  this  data  indicates,  the  greater  the  flow  rate  iiY  the 
laboratory  relative  to  the  field  the  better  the  correlation;  >±hen\ 
a test  that  subjects  the  WRA  to  periodic  high  flow  rates  wouiaoe 
more  representative  of  field  conditions.  A test  with  these  features 
would  better  reproduce  the  thermal  gradients  and  thermal  stresses 
caused  by  tenperature  reversals. 

This  contention  is  supported  by  the  relationship  with  operating 
time  at  low  temperature.  The  data  indicates  that  better  correlation 
was  achieved  when  the  accrued  operating  time  at  low  temperature 
approximated  total  expected  operating  time  in  the  field.  Since  equip- 
ment operating  time  in  the  laboratory  is  measured  from  the  end  of 
the  low  temperature  3 oak  (when  chamber  temperature  begins  to  increase), 
and  since  cooling  air  parameters  are  essentially  constant,  the  high 
MTBF  r&'tics  at  ths  sxtrsjuss  indi.ca.tiv0  of  insufficient* 
variation  in  cooling  air  parameters  during  the  demonstration  test. 

• No  relation  was  found  between  MTBF  ratios  and 

- ambient  temperature  rate  of  change 

- operating  time  at  high  temperature 

- cooling  air  low  temperature 

- pressure 

indicating  that  either,  these  variables  do  not  affect  demonstration  to 
field  MTBF  comparisons  or,  they  are  adequai  sly  provided  for  in  the 
laboratory . 


• The  above  observations „ taken  collectively,  suggest  that  a demon- 
stration test  on  forced  air  cooled  items  would  result  in  closer 
MTBF  agreement  if  it  were  structured  to  provide; 

- more  frequent  variation  in  cooling  air  parameters  (temperature 
and  flow  rate)  consistent  with  the  item’s  specification  limits. 

- these  variations  should  be  coupled  with  changes  in  chamber 
temperature 

o on  the  high  temperature  portion  of  the  profile  so  that  the 
test  article  will  be  subjected  to  simultaneous  high  ambient 
temperatures  and  reduced  cooling  air  capability 

o on  the  low  temperature  side  to  assure  more  rapid  and  more 
positive  cooling  of  components 

5.3*3 • 3 WRA'a  Installed  In  Jet  Aircraft 

The  relationships  between  vibration  parameters  and  MTBF  ratios  are 
presented  in  Figure  24  and  indicate; 

• The  greater  the  field  vibration  level  the  worse  the  correlation 
between  demonstrated  and  field  MTBF’s.  All  these  units  were 
laboratory  vibration  sine  tested  at  a nonresonant  frequency  between 
2C  and  60  Hz  yet  the  measured  maximum  field  levels  always  occurred 
at  frequencies  in  excess  of  100  Hz.  Thxis  the  units  were  not  tested 
at  the  higher  frequencies  and  were  subjected  to  an  effective  test 
level  of  zero  PSD  at  these  higher  frequencies.  Therefore,  the 
comparison  is  between  the  maximum  level  in  the  field  and  zero  in 
the  laboratory.  To  avoid  the  difficulty  of  "division  by  zero"  the 
measure  ultimately  used  was  calculated  by: 


vibration  measure  = (Field  Maximum  PSD  + .0001)  -f  .0001 

Thus  the  conclusion  to  be  drawn  from  this  data  is  that  the  vibration 
test  for  demonstration  should  more  closely  approximate  the  field 
environment  in  type,  level  and  frequency  content. 
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FIGURE  24  SIGNIFICANT  RELATIONSHIPS  BETWEEN  ENVIRONMENTAL  AND  RELIABILITY 
RATIOS  FCR  WRA's  INSTALLED  IN  JET  AIRCRAFT 
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• The  better  reliability  correlation  was  assoiated  with  those  units 

whose  accumulated  vibration  test  time  more  closely  approximated 
> ^ 

the  expected  exposure  during  an  equivalent  operating  time.  The 

comparison  of  laboratory  test  time  of  2.?g  peak  sine  input  at  a 

non-resonant  frequency  vs.  field  time  at  varying  frequencies  and 

levels  may  be  questionable,  yet  this  very  lack  of  agreement  in  test 

method  may  be  magnifying  the  extremely  high  MTBF  ratios  at  the 

relatively  long  field  times. 

« These  observations  taken  together  suggest  that  a proper  vibration 
test  for  demonstration  purposes,  on  WRA's  installed  in  jet  aircraft, 
should  be  to  subject  the  test  article  to  a variety  of  input  fre- 
quencies simultaneously  and  at  levels/durations  approximating  field 
usage.  This  can  best  be  accomplished  by  requiring  that  the  vibration 
test  be  random  Instead  of  sine  and  that  duration  as  a minimum  be 
determined  so  that  the  relationship: 

Laboratory  Vibration  Time  Field  Flight  Time 

Laboratory  Article  Operating  Time  ~ Field  Operating  Time 

is  preserved. 

5 - 3 - 3 WRA'3  Installed  in  Propeller  Driven  Aircraft 

As  indicated  in  Figure  25,  the  poorer  reliability  correlation  occurred 
on  those  WRA's  whose  vibration  level  in  the  field  exceeded  the  level  in  the 
laboratory.  The  test  and  the  field  vibration  environments  were  both 
sinusoidal  in  nature.  However,  the  maximum  field  levels  occurred  at  higher 
frequencies  than  those  tested  in  the  laboratory.  This  points  out  the 
necessity  for  subjecting  the  test  article  to  a variety  of  frequencies  during 
the  test,  rather  than  the  continuous  dwell  at  a non- resonant  frequency  as 
currently  required  in  MIL- STD-781,  This  can  be  accomplished  readily  by 
continuous  sweeping  in  frequency  at  a rate  determined  to  assure  exposure  at 
all  frequencies.  Bds  would  better  assure  that  WRA's  that  experience  a 
significant  vibration  level  in  the  field  would  be  evaluated  under  similar 
conditions  in  the  laboratory.  The  data  further  indicated  that  the  reli- 
ability correlation  is  good  for  those  WRA's  that  experience  a relatively 
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benign  vibration  environment  in  the  field,  thus  suggesting  that  the  current 
test  method  was  adequate  for  thin  type  of  item. 

The  agreement  in  reliability  was  worse  for  thane  M's  whose  accumulated, 
vibration  test  time  was  a smaller  fraction  of  the  anticipated . vibration  ex* 
posure  in  the  field  during  an  equivalent  number  of  operating  hours.  This 
indicates  that  longer  vibration  test  durations  than  those  required  in  f<lIL~STD~ 
78l  would  l>e  more  representative  of  field  condition®  and  would  consequently 
result  in  closer  reliability  correlation. 


flie  above  analyses  indicate  that  closer  correlation  between  demonstrated 
and  field  MTBF's  can  be  achieved  when  the  demonstration  test  environments 
more  closely  approximates  those  of  the  field.  Table  17  presents  a summary 
of  recommended  modifications  to  MLL-STD~78l  which  would  assure  this  greater 
similarity  in  environmental  exposure.  The  table  is  a listing  of  de.s1ire.blt2 
test  features  (rather  than  specific  parameter  changes ) which  should  be  in- 
corporated ir.  a revision  of  the  standard.  Thus , these  recommendations 
provide  the  general  direction  for  the  development,  of  detailed  teat  profiles.. 


$.k  Regression  Analysis 


Hiltiple  regression  techniques  were  applied  to  the  data  to  establish  a 
composite  relationship  between  MTBF  ratios  and  those  environmental  ration 
appearing  to  have  some  significance . The  purpose  of  this  wa s to  develop  an 
expression,  having  the  significant  environmental  ratios  as  variables,  that 


. n J u. 


could  be  used  to  describe  the  data  closely.  This  expression  then  ccuj.g  oe 


used  to  predict  the  consequences in  terms  of  effect  on  MTBF  ratio,  of 
alternative  proposed  test  parameter  changes. 


Several  different  forms  of  a relationship  were  investigated.  All  were 
linear  combinations  of  the  ratios  or  some  transformation  of  the  ratios  since 
anything  more  corrplex  would  have  been  difficult  to  interpret  or  apply . live 
expressions  considered  Included: 
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TABLE  17  PROPOSED  MIL-STD-781  EN VT ROHMENTAL  RECOMMENDATIONS 


ENVIRONMENT 


KECOMMEN  DAT  I ON 


Chamber  Temperatures 


• Simulate  compartment  temperature 
flight  levels 

• Cycle  frequently  between  limits 

• Change  levels  rapidly 

• Provide  greater  assurance  that 
components  are  truly  exposed 

to  indicated  chamber  conditions 

• Operate  at  low  temperatures  in 
accordance  with  expected  usage 


• Require  maximum  permissible 
variation  of  cooling  capability 

• Couple  variations  in  cooling 
capability  to  chamber  temperature 
variations 


• Random  vibration  for  WRA's  in  jets 

• Sine  sweep  for  WKA's  in  propeller 
aircraft 

• Levels  to  approximate  mission 
levels 

• Increase  duration  to  approximate 
flight  time 


I 

y = a + b x + b0x,,  + ... 

In  y » a + ^X1  + b2X2  + * • • 

2 2 2 

y - a + b Xj^  + c1x1  + bgx2  + CgX^  ... 

2 2 

In  y * a + + b2x2  + C2X2  + * * * 

i 1 

In  y = a + b^ln  + b2ln  + . . . j j 

i 1 

2 

y = a + + c^x^  + b^x^  + b^ln  x^  + ... 

2 

In  y + a + b^x^  + c^x^  + bgx2  + X3  + * * • 

where 

y = MTBF,  . , J MTRF_.  . . 

J laboratory^  field 

x^  = Field  Environraent^/Laboratory  Environment^  J 

i 

Another  consideration  in  the  development  of  a model  was  the  number  of  j 

variables  Included  In  the  expression.  As  a general  rule,  an  attempt  was  j 

made  to  keep  the  number  of  terms  In  the  expression  and,  consequently,  the  ) 

number  of  variables  considered,  as  small  as  possible.  One  can  usually  get  ! 

apparently  good  fits  when  the  number  of  variables  la  large  relative  to  the 
number  of  data  points.  However,  the  quality  of  the  fit  can  be  artificial, 
and  iu  analogous  to  perfectly  fitting,  as  an  example,  a fourth  degree  curve  j 

through  five  points.  j 

Urns,  the  number  of  variables  were  limited  to  only  the  previously 
determined  significant  environmental  ratios,  and  the  "fineness"  of  the 
partition  of  the  data  was  limited  to  cooling  method  or  propulsion  type  to 
retain  at  least  a moderate  sample  size. 

None  of  the  models  attempted  produced  a regression  equation  that  was 
considered  usable  as  a prediction  tool,  This  again  polntB  out  that  other 
than  Just  the  environmental  factors  are  significantly  contributing  to  MTBF 


correlation  (R)  coefficients  of  approximately  0.6  were  observed.  The 
2 

measure,  R , is  the  proportion  of  the  variability  in  the  dependent  variable 

(MTBF  ratios)  that  is  explained  by  the  function  of  the  independent  variables 

(the  environmental  ratios).  Thus,  36$  of  the  variability  in  the  demonstrated  . 

to  field  reliability  differences  can  be  explained  by  the  differences  in  the 

environment*.  If  one  assumes  that  variability  ia  indicative  of  failure  j 

frequency,  then  36^  of  the  WM  field,  failures  were  environmentally  induced 

that  were  not,  or  could  not  be,  detected  by  the  demonstration  test  environ- 

mentij.  Ibis,  in  itself,  argues  for  a modification  of  these  environments, 

since  the  potential  "saving"  is,  on  the  average,  approximately  one  third,  the  I 

currently  experienced  field  failures. 


SECTION  VI 

DEVELOIWENT  OF  ENVIRONMENTAL  PROFILES 


6.1  APPROACH 

The  results  of  the  analysis  of  field  and  laboratory  data,  as  discussed 
in  previous  sections,  clearly  indicates  that  the  laboratory  demonstration 
would  be  far  more  representative  of  the  performance  to  be  expected  in  the 
field,  if  certain  reconstructions  and  additions  were  effected  to  the  test 
profiles  of  MIL- STD-781,  Recognizing  that  the  purpose  of  the  demonstration 
is  to  provide  a measure  of  the  expected  field  reliability  and  that  the 
effects  of  natural  and  induced  environments  are  one  of  the  principal  drivers 
affecting  field  reliability,  it  follows  that  the  most  representative  test 
would  be  one  that  applies  all  of  these  environments  at  the  level  and  in  the 
sequence  to  be  encountered  in  the  field. 

The  revisions  to  MIL-STD-781  could  conceivably  encompass  all  of -She 
natural-  ana  induced  environments,  however,  this  would  be  impractical  in 
terms  of  effectiveness,  efficiency  and  expense.  The  analysis  of  Section  V 
confirms  the  results  of  previous  studies  indicating  tliat  environmentally 
induced  failures  are  primarily  attributable  to  temperature  and  vibration. 

Concentrated  effort  must  be  expended  in  these  environmental  areas 

in  order  to  obtain  better  correlation  between  field  MTBF's  and  demonstrated 

values. 


i(iv  Ui  v;  v V'  o m v vi  a w v 6 vi.icwi.TC)  vwiuixv  viiicicttv  j.owi  awvij 

program,  applicable  to  a wide  variety  of  avionics,  is  dependent  upon  certain 
basic  ground  rules  as  specified  below: 

• The  specified  test  methods  and  procedures  must  be  within  the  capa- 
bility of  standard  laboratory  teat  equipment. 

• The  required  environmental  exposure  must  he  specified  in  sufficient 
detail  to  assure  that  the  tr.Bt  article  receives  the  full  effect  of 
the  exposure, 

• The  method  of  developing  the  specific  test  profile  should  accommo- 
date the  use  of  preliminary  aircraft  and  WRA  performance  definitions. 
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• The  developed  program  should  provide  a high  ratio  of  equipment 
on  time  to  test  time. 

• The  test  set-up  should  allow  adequate  performance  monitoring 
before,  during  and  subsequent  to  each  environmental  exposure. 

• The  means  utilized  for  performance  monitoring  should  provide 
positive  recognition  of  a failure. 

• The  success/failure  criteria  should  be  clearly  defined  and  consis- 
tent with  the  criteria  to  be  utilized  in  measuring  field  perfor- 
mance. 

The  selected  approach  to  developing  a laboratory  program  which  is 
essentially  analogous  to  the  temperature,  moisture  and  vibration  environments 


expected  in  the  field,  utilizes  an  aircraft  mission  as  its  base.  Although  ! 
aircraft  with  different  mission  goals  have  different  profiles  (as  described  j 
by  an  altitude  - speed  time  schedule)  certain  generalizations  of  profile  I 
can  be  made.  Every  aircraft  experiences  the  following  sequence  of  events  ' 


during  one  nominal  mission:  j 

• Giound  operation  ' ! 

• Take-off  and  Climb  to  Altitude  j 

• Mission  Objective  j 

• Descent  and  Landing  j 

• Ground  storage  (Non-operation)  j 

Utilizing  this  general  sequence,  one  can  then  Identify  performance  j 

parameters  associated  with  the  various  phases  within  the  sequence.  Further-  ! 

more,  since  the  parameters  can  be  expressed  in  terms  of  speed,  altitude  and  { 

duration,  a viable  approach  to  the  development  of  a test  program  which  is 
the  analog  of  an  aircraft  mission,  becomes  apparent. 

Separating  the  environments  of  concern  into  their  constituent  parts, 
the  method  by  which  the  aircraft  mission  parameters  can  be  utilized  in 
defining  the  environmental  levels  and  durations  evolves  as  follows. 

As  discussed  in  Section  III  a WPA’s  thermal  time-history  is  a func-  ,i 

tion  of  the  ambient  environment,  duty  cycle,  cooling  method  and  electrical  J 

power  density  characteristics.  Clearly,  the  operational  ambient  environment  . 

is  an  aircraft/aircraft  mission  dependent  variable.  The  duty  cycle  and  j 


130 


electrical  power  density  are  fixed  values,  specified,  by  the  design  specifi- 
cation, and  the  cooling  method  effect,  for  WRA'b  other  than  ambient  cooled., 
can  be  defined  as  a function  of  cooling  airflow/teoperature. 

If  one  considers  the  laboratory  thermal  chamber  analogous  to  the 
WRA’s  aircraft  compartment,  a chamber  thermal  profile  can  be  developed  based 
upon  expected  compartment  temperatures  during  the  various  aircraft  mission 
phases.  Furthermore,  if  these  expected  temperatures  are  determined  for  hot 
and.  cold  day  extremes,  the  chamber  profile  will  encompass  the  full  compart- 
ment thermal  ambient  range.  Coupling  the  chamber  profile,  thus  developed., 
with  the  equipment's  nominal  duty  cycle  and  cooling  schedule  will  produce  an 
exposure  which  is  truly  the  thermal  analog  of  service  conditions. 

The  laboratory  vibration  environmental  levels  and  durations  can  be 
similarly  developed  using  those  parameters  associated  with  the  vibration 
environment.  This  vibration  exposure  can  then  be  combined  with  the  previ- 
ously developed  thermal  exposure  to  yie-'d  the  required  mission  environmental 
analog. 

High  levele  of  moisture  exist  as  a natural  field  environment  and 
avionics  are  periodically  eubjeeted  to  these  extremes.  Furthermore,  the 
results  of  previous  studies  (reference  l)  conclude  that  moisture  is  one  of 
the  prime  environmental  drivers  of  avionic  failures.  Therefore,  in  order 
to  correctly  simulate  the  major  environments,  to  which  WRA's  are  normally 
subjected  during  their  service  life,  a periodic  hiouldity  exposure  must  be 
included  in  the  laboratory  program. 

The  development  of  a practical  and  economic  laboratory  program  is 
in  part  based  upon  the  consideration  of  all  of  the  constraints  and  limita- 
tions associated  with  environmental  tasting.  Although  practically  the  full 
range  of  steady  state  envlrormental  conditions  can  be  reproduced,  singularly 
using  standard  laboratory  equipment,  high  rates  of  change  associated  with 
transient  conditions  and  combined  environmental  exposures  are  far  more  diffi- 
cult to  correctly  duplicate. 

Dividing  the  "environmental  world"  into  its  mechanical  and  climatic 
constituents,  one  can  readily  see  that  the  imposition  of  a mechanical  en- 
vironment (vibration,  shock,  acceleration)  relies  solely  upon  the  controlled 
transfer  of  energy  into  the  test  article.  Given  then,  that  a specified 
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mechanical  environment  can  "be  generated  by  a mechanism  of  sufficient  force 
output,  the  constraining  factor  is  the  force  input  direction;  i.e.,  single 
axis  excitation.  Climatic  environments  (temperature,  pressure,  etc.)  how- 
ever, require  the  ability  to  transfer  energy  both  into  and  out  of  the  article. 
If  one  assumes  that  sufficient  energy  can  be  made  available  for  input  to  the 
article  then  the  constraining  factor  to  single  environment  climatic  testing 
is  the  capability  of  the  mechanism  utilized  as  a sink  or  reservoir  for  the 
storage  of  removed  energy.  Smun&rizing  the  above  discussion,  relative  to 
single  environment  testing,  one  concludes  that  the  duplication  of  a 
mechanical  environment  is  limited  to  single  axis  excitation  (one  axis  at 
a time)  and  climatic  environmental  duplication  is  limited  by  the  capability 
of  the  available  energy  sink. 

Investigating  the  relationship  between  the  laboratory  generated  en- 
vironments and  those  existing  within  the  near  space  of  earth,  one  can  again 
determine  that  the  mechanical  environments  are  more  closely  coupled  to  the 
mechanisms  of  the  vehicle  than  are  the  climatic  environments.  Vibration, 
shock  and  acceleration  in  an  aircraft  are  all  a function  of  power  plant, 
velocity,  velocity  changes  fluid  density  and  directional  stability.  Each 
of  the  resultant  conditions  associated  with  these  parameters  is  readily 
duplicated  in  the  laboratory  as  steady  state  conditions  one  axis/environ- 
ment  at  a time.  The  climatics,  however,  are  not  solely  a function  of  the 
parameters  associated  with  the  vehicle.  At  any  Instant  in  time,  each  of 
these  climatics  exists  as  stabilized  multi  envixonmental  layers  within  the 
envelope  of  the  earth's  atmospheric  expanse = The  high  performance  aircraft, 
flying  through  these  various  layers,  experiences  rapid  climatic  changes  due 
to  its  direction  and  velocity  not  due  to  any  change  within  the  stabilized 
climatic  layers. 

Reviewing  the  foregoing  paragraphs,  one  recognizes  that  the  primary 
difficulties  associated  with  accurately  duplicating  a high  perfomance 
aircraft's  environmental  time  line  within  a laboratory,  is: 

• Attaining  the  high  rates  of  change. 

• Duplicating  various  climatic  environments  either  simultaneously 
or  sequentially  within  very  short  time  periods. 
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• Recycling  climatic  environments  to  produce  an  analog  of  multiple 
high  performance  clitnbe  and  dives. 

• Generating  a mechanical  envirormental  spectrum  which  accurately, 
simultaneously  produces  the  multiple  modes  of  excitation  and 
rapidly  varying  levels. 

Modern  laboratory  environmental  generating  equipment  is  designed  around 
the  requirements  of  Military  Specification  such  as  MIL-STD-810.  The  docu- 
ments prescribe  accurately  achieved  and  maintained  steady  state  conditions 
or  repeatable  spectra.  The  enumerated  tests  therein  are  not  constructed 
to  be  an  analog  of  the  transients  associated  with  actual  flight.  Their 
purpose  Is  to  provide  a method  of  imposing  "qualification"  level  environ- 
mental stresses  upon  a test  article  to  obtain  a measure  of  its  safety  margin. 
Since  the  test  equipment  is  designed  to  comply  with  the  rigid  requirements 
of  these  environmental  test  methods,  rapidly  changing  transient  conditions 
may  require  minor  alteration  of  the  equipment. 

The  herein  presented  profiles  have  been  developed  with  full  cognizance 
of  the  limitations  of  standard  laboratory  test  facilities.  Within  the  con- 
straints of  economics  and  generally  available  laboratory  equipment  capability, 
the  developed  profiles  can  be  achieved  by  incorporating  the  following  recom- 
mendations : 

• Augment  the  capability  of  a standard  temperature  chamber  by 
the  use  of  external  temperature  conditioning  unit(s). 

• Rework  the  tanperatvre  controller  so  that  It  controls  the  external 
unlt(s)  in  addition  to  the  chamber’s  heating  and  refrigeration 
equipment. 

The  effective  implementation  of  the  developed  environmental  profiles 
requires  that  each  environmental  sequence  be  conducted  to  the  high  level  of 
excellence  epecified  in  the  various  "Enviroimental  Test  Method"  Military 
Standards  such  as  MIL-8TD-810.  In  order  to  achieve  this  goal,  it  is  recom- 
mended that  the  appropriate  sections  of  MIL-STD-781,  associated  with  this 
issue,  be  modified  and/or  amplified  to  specify  pertinent  parameters  as  out- 
lined below. 


133 


Test  Plans  and  Procedures 


The  approved  test  piano  and  procedures  shall  include  specific  defini- 
tion of  the  test  sequence,  equipment,  methods,  safety  requirements  and  data 
sheets.  The  document (s)  shall  also  contain  a detailed  instrumentation  plan 
which  specifies  the  data  acquisition  requirements  and  the  performance  charac- 
teristics of  the  equipment  to  he  utilized  in  fulfilling  these  requirements. 

Test  Reports 

The  reports  shall  include  all  supporting  data  collected  in  conducting 
the  tests,  and  analysis  of  all  failures  which  occurred.  The  organization  of 
the  test  report  shall  correspond  to  that  of  the  approved  test  plan  and  the 
presentation  of  the  test  report  shall  he  responsive  to  the  requirements  of 
the  test  plan/procedure.  All  test  data  shall  be  signed  and  dated  by  the 
test  engineer  for  certification. 

General  Test  Requirements  . 

All  testing  shall  be  accomplished  in  accordance  with  the  applicable 
requirements  specified  in  any  of  the  approved  Military  Standards  for 
Environmental  Test  Methods  such  as  MTL-STD-810.  All  of  the  general  re- 
quirements such  as  standard  ambients,  measurements,  tolerances,  accuracy  of 
test  apparatus  etc,,  should  be  specified  or  at  least  referenced.  The 
specified  requirements,  associated  with  the  generation  and  application  of 
each  applicable  environment,  should  either  be  referenced  to  an  Environmental 
Test  Method  or  specified. 

6.2  TEMPERATURE  AND  HUMIDITY 
6.2.1  Major  Considerations 

As  previously  discussed,  the  laboratory  program  should  represent  the 
environmental  stresses  which  the  WRA  experiences  during  its  service  life 
and  as  such  should  encompass  the  following  phenomena: 

• thermal  environment  in  flight 

• thermal  environment  on  the  ground 

« high  and  low  temperature  start-ups 

• periods  of  operation  and  non-operation 
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• humidity  exposure 

Although  the  parameters  associated  with  flight  can  be  defined  utili- 
zing the  mission  analog  approach  previously  discussed,  those  parameters 
associated  with  non-operating,  storage  periods  must  be  represented  by  calcu- 
lated equivalents.  Recognizing  that  the  qualification  test  verifies  the 
equipment’s  capability  to  successfully  survive  steady  state  environmental 
exposures,  the  purpose  of  non-operating  dwell  periods  in  this  program  must 
be  otherwise  defined.  The  reasons  for  including  these  dwells  are  to  assure 
equalization  of  chamber  and  equipment  temperatures  following  each  mission 
analog  and  to  produce  an  effective  humidity  exposure.  Combining  those 
periodic,  non-operating  dwells  with  the  mission  analog  approach  yields  a 
test  cycle  which  in  general  terms  represents  real  time/levels  during  the 
operating  flight  phases  and  effect-equivalent  times/levels  during  the  non- 
operating  ground  phases. 

The  analysis  presented  in  Section  III  concludes  that  the  initial 
(ground)  ambient  temperatures,  realized  during  the  aircraft  field  use,  fall 
within  temperature  extremes  characterized  as  a "cold  day"  and  a "hot  day". 
Since  the  WRA  thermal  profile  is  in  part,  a function  of  the  initial  ambient 
temperature,  the  laboratory  program  is  constructed  utilizing  repetitive 
cycles  alternating  between  cold  and  hot  days  (refer  to  Figure  26. ) 

Field  data  indicates  that  the  aircraft  is  periodically  stored  at 
extreme  moisture  conditions  for  extended  periods  of  time,  however,  MIL-STD- 
78l  does  not  require  an  evaluation  of  the  ability  of  the  design  to  withstand 
these  periodic  exposures.  Inasmuch  as  no  test  was  performed  in  the  labora- 
tory, environmental  comparisons,  similar  to  those  presented  in  Section  V, 
were  not  performed  for  moisture.  A11  investigation  of  the  field  failures  on 
the  study  WRA's  wrs  performed  to  determine  the  extent  of  the  moisture 
problem  on  these  items.  Field  failure  reports  were  reviewed  and  a signif- 
icant number  of  those  attributable  to  environmental  causes  were  due  to 
moisture  related  reasons.  The  predominant  manifestations  were  shorting  of 
components,  corrosion,  water  entrapped  in  the  unit,  and  salt  deposits  on 
cards.  In  view  of  this  result,  and  the  conclusions  drawn  in  reference  1 
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regarding  the  problems  with  moisture  in  the  field,  the  inclusion  of  a 
moisture  evaluation  as  part  of  the  demonstration  test  is  considered 
essential . 

Ideally,  any  proposed  humidity  test  should  simulate  the  full  range  of 
moisture  environment  expected  during  service  life.  Realistically,  this  full 
range,  which  encompasses  all  conditions  between  hot  day  - high  relative 
humidity  ground  storage  and  high  speed  climb/dive  through  varying  thermal/ 
pressure  layers  of  atmosphere,  cannot  be  practically  duplicated  in  a labora- 
tory. Recognizing  these  limitations,  the  standarf  test  methods,  i.e., 
MIL-STD-810,  base  their  approach  upon  manipulating  certain  of  the  environ- 
ment's drivei-  and  driven  constituents  to  produce  the  desired  long  term  life 
effects.  The  same  approach  has  been  utilized  to  develop  a cycle  for  this 
program,  however,  since  the  reliability  demon strati on  i3  an  extrapolated 
program,  designed  to  represent  a percent  of  real  life,  the  total  cyclic 
exposure  has  been  reduced  and  dispersed  throughout  the  extent  of  testing 
( refer  to  figure  2'f . ) 

6.2.2  Durations  and  Levels 

Based  upon  the  conclusions  drawn  from  the  analysis  presented  in 
Section  V,  profiles  recommended  herein,  seeK  to  vary  test  conditions  as  they 
would  in  a true  aircraft  mission  profile  and  as  such,  are  a deviation  of 
the  mission  variable  WRA  and  compartment  thermal  parameters.  In  order  to 
assure  obtaining  the  full  effect  of  applied  environmental  exposures,  certain 
compromises  must  be  made  to  the  mission  analog  approach. 

The  effects  of  high  rate  of  change  thermal  cycling  manifest  themselves 
as  fatigue  failures  caused  by  thermally  induced  stress  reversals.  The 
approach  to  duplicating  the  natural  pheomena  in  the  laboratory,  is  to 
artifically  manipulate  those  parameters  which  affect  the  thermal  time  histoz-y 
of  a WRA,  so  that  the  end  product  is  an  analog  of  the  expected  service 
condition  e.  • • 

The  analytical  results  presented  in  Section  V indicate  that  higher 
rates  of  thermal  change  than  those  currently  eaployed  in  the  test  program 
may  be  advantageous.  Although  KID-STD-781  currently  requires  a minimum 


rate  of  5°C/min,  this  value  has  often  teen  used,  as  a maximum  requirement 
regardless  of  the  anticipated  field  conditions.  Based  upon  this  conclusion, 
the  temperature  rate  of  change  is  established  at  the  average  expected  field 
rate  for  each  change  in  steady  state  condition,  A minimisn  rate  of  change 
of  5°C/min  is  recommended  for  developed  thermal  profiles  containing  a lesser 
rate, 

6.2.2. 1 Test  Duration 

The .duration  of  each  operating  flight  exposure  is  the  real  time  analog 
of  the  applicable  aircraft  mission  (refer  to  Figure  26).  The  duration  of 
operating  and  non-operating  ground  exposures  is  based  upon  average  field 
data  and  laboratory  experience.  The  non-operating  periods  separating  each 
hot  and  cold  day  cycle  are  asymmetric  in  order  to  take  advantage  of  the 
demonstrated  ease  in  achieving  avionic  equipment  high  temperature  stability. 
The  one-half  hour  non-operating  dwell  (Phase  E)  is  considered  sufficient  to 
achieve  equalization  between  the  chamber  and  equipment  temperatures.  In 
order  to  assure  equalization  at  low  temperatures,  a nominal  one  hour  non- 
operating period  is  specified  between  repetitive  cycles  (portion  of  Phase  I 
and  entire  Phase  J).  The  ground  operating  time  is  specified  as  one-half 
hair  per  "mission"  as  typical  of  the  warm-up/ check-out . 

The  duration  of  the  humidity  exposure  is  the  product  of  an  approxima- 
tion of  the  total  expected  field  effect  and  the  limits  dictated  by  test 
equipment  operation.  The  total  exposure,  which  is  a derivative  of  MIL- STD- 
810  cycle,  i*  distributed  throughout  the  entire  test  duration  every  twenty 
basic  thermal  cycles  to  yield  a total  humidity  exposure  of  approximately 
20#  of  the  total  test  time, 

6. 2. 2. 2 Test  Levels 

Analysis  of  the  field  environmental  data  collected  for  this  study  is 
the  basis  for  the  recaanonded  test  levels.  Data  provided  on  certain  addi- 
tional aircraft  hao  been  reviewed  and  included  to  supplement  data  on  the 
aircraft  in  this  study  in  order  to  define  the  minimum  and  maximum  thermal 
levels . 

Cold  Day  Temperature  Levels 

Reviewing  the  data  for  minimum  temperature  levels  indicated  a wide 
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vtti iati on  of  compartment  minimum  temperature.  Three  distinct  bands  were 
noted  iri  the  vicinity  of  -5^°C,  ~lQ°C  and  hlO°C,  at  eea  level.  The  three 
bends  reflect.  the  extent  of  coupling  between  the  compartment  and  the  out- 
side ambient  temperature.  Compartments  closely  coupled  with  the  outside 
environments  represent  the  lowest  temperature  band,  while  the  highest  tend 
represents  a minimum  coupling.  These  minimum  temperatures  represent  steady 
state  conditions  and  will  be  achieved  when  the  mission  profile  allows 
sufficient  time  to  overcome  the  therms,!  inertia  of  the  compartment. 
Generally,  compartments  located  close  to  the  aircraft  skin  have  the  greatest 
thermal  coupling  to  the  outside  ambient,  while  those  close  to  the  air- 
craft  centerline  have  the  least  coupling.  However,  a more  precise  estimate 
of  the  compartment  minimum  temperature  is  a complex  function  which  ia 
ordinarily  evaluated  during  the  routine  thermal  design  of  the  aircraft 
and  WM. 

The  amount  of  applicable  flight  data  at  cold  day  conditions  was 
limited.  Thus  the  development  of  cold  day  temperature  levels  was  based  on 
a combination  of  standard  atmospheric  conditions  and  engineering  Judgement, 

The  coldest  test  level  (-5^°C)  was  constructed  by  taking  the  cold  day 
definition  of  temperature  vs.  altitude  between  sea  level  and  20,000  feet. 

To  complete  the  curve,  a minimum  temperature  of  -50°C  was  established  for 
altitudes  above  30,000  feet.  This  reflected  the  minimum  compartment  tem- 
perature observed  under  field  environments  and  review  of  additional  data. 
This  curve  was  then  displaced  linearly  by  the  appropriate  amounts  to  arrive 
at  the  levels  representing  -18°C  and  +10°C  at  sea  level  initial  conditions. 
The  available  flight  data  was  plotted  against  these  developed  curves  and  is 
presented  in  Figure  29-  It  shows  that  the  curves  are  reasonable  repre- 
sentations of  field  experience  and  thus  may  be  used  for  testing  pmposes. 

The  levels  are  tabulated  in  Table  18  and  are  valid  for  Class  I and  Class  II 
equipment. 

Hot  Day  Temperature  Levels 

The  Mlb-E-.bhoO  definition  of  temperature  vs.  altitude  J.b  the  Hot  Lay 
temperature  level  for  Class  1 equipment  (refer  to  Table  19 • ) Observation 
of  the  field  environment  data  indicates  that  a majority  of  the  Class  I 
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equipment  analyzed  has  a maximum  temperature  of  27°C.  However,  this  tem- 
perature represents  the  average  of  the  cockpit  normal  flight  temperature. 
The  equipment's  ambient  environment  would  be  expected  to  reach  the  MIL-E- 
5400  limit  of  ,55°C  due  to  packaging  considerations,  i.e.,  the  avionics  in 
the  cockpit  are  closely  stacked  in  a panel  resulting  in  localized  tempera- 
ture higher  than  the  average  cockpit  ambient  temperature. 

For  Class  II  equipment,  the  compartment  temperature  data  was  plotted 
versus  altitude  and  mach  number  as  shown  in  Figure  30.  For  a mach  number 
of  1.0  and  greater,  the  data  correlated  fairly  well  with  the  continuous  and 
intermittent  operating  limit  of  MIL-E-5400  respectively.  Therefore,  the 
MIL-E-5400  curves  were  used  for  the  recommended  test  profiles  for  these  two 
speed  conditions.  For  lower  mach  numbers,  curves  wei'e  approximated  to  the 
data,  constrain©!  by  MIL-E-5400  "Hot  Day"  sea  level  requirements  and  biased 
to  the  high  side.  For  high  altitude  conditions,  lack  of  field  data  neces- 
sitated an  approximation  based  upon  experience.  The  curves  arid  resulting 
test  levels  are  presented  in  Figure  3°  and  Table  20  respectively. 

Cold  and  Hot  Day  Ram  Cooled  Ccmpartment/Equlpment  Temperature  Levels 

The  presented  levels  (refer  to  Tables  21  and  22)  to  be  used  in  the 
construction  of  profiles  for  compartments  or  equipment  which  are  ram  air 
cooled,  are  derived.  They  are  based  upon: 

T = (1  + .2r  M2) 

where : T » Earn  Temperature  ~ oj( 

™AMB  Ambient  — 

r - Recovery  Factor 
M = Mach  Number 

The  recovery  factor  is  a measure  of  the  action  of  the  free~& bream 
{Jyi'jamlc-tafft'erature  rise  recovered  at  the  surface.  The  factor  was  assumed 
to  equal  0.9  which  is  an  accepted  value  for  a turbulent  boundary  layer. 
Table  21  presents  hot  day  levels  and  Table  22  presents  cold  day  levels. 

6.2,3  Forced  Air  Cooling 

One  of  the  primary  drivers  to  the  internal  temperature  of  forced  air 
cooled  WKA's  is  the  temperature/flow  characteristics  of  the  cooling  air. 


143 


TABLE  20  HOT  DAY  COMPARTMENT  AMBIENT  TEMPERATURES  (°C)  FOR  CLASS  II  EQUIPMENT 


Mach 

N.  Number 

Altitude 
(K  feet) 

IA 

O 

0.8 

I 

i 

------ 

0 

71 

i 

71 

; 

10 

56 

68 

20 

4o 

55 

30 

JD 

to 

: 

5 

j 

10 

50 

| 

5 

10 

60 

5 

10 

70 

5 

10 

High 

Performance* 


* Ambient  cooled  equipment  must  be  turned  off  for  15  minutes  after  attain- 
ing these  temperatures  to  comply  to  MIIr-E-5^00  "Intermittent  Operation." 


Depending  upon  the  efficiency  of  the  unit's  cooling  air  heat  transfer  system, 
it  is  conceivable  that  a WRA's  internal  taaperature  time  history  may  be  com- 
pletely Independent  of  the  external  thermal  environment.  This  condition 
would,  in  effect,  reduce  the  developed  thermal  envlroraaent  to  a constant. 

The  results  of  the  analysis  of  data,  relative  to  forced  air  cooled  WRA's 
tends  to  indicate  that  this  condition  may  have  actually  occurred  during  the 
studied  laboratory  tests. 

In  order  to  assure  that  this  stabilizing  influence  does  not  prevent 
the  correct  application  of  the  desired  thermally  induced  stresses,  the 
cooling  air  temperature/flow  schedule  must  be  discretely  specified.  Since 
the  object  is  to  obtain  as  many  equipment  operating  temperature  reversals 
as  possible  per  unit  test  time,  the  cooling  air  temperature/flow  schedule 
must  be  specified  to  produce  the  extremes  of  specification  tolerance. 

By  utilizing  the  cooling  air  specification  curve  end  points,  i.e., 
maximum  flow-minimum  temperature  for  low  temperature  cycles  and  minimum- 
flow  - maximum  temperature  for  high  temperature  cycles,  thiB  objective  is 
attained  without  risking  equipment  thermal  overstress  because  the  airflow/ 
temperature  schedule  is  within  the  specification  tolerance  (refer  to 
Figure  31).  All  changes  in  cooling  air  temperature  and  flc should  be 
accomplished  at  the  test  equipment's  maximum  capability  but  in  no  case  shall 
it  exceed  three  minutes. 

If  any  special  flow  rates  are  used  for  ground  operation,  then  these 
must  also  be  specified  to  fall  at  the  end  points  of  the  envelope  «s  outlined 
above . 

6.2.4  Humidity  Cycle 

As  previously  discussed,  the  basic  thermal  cycle  is  constructed  as 
an  analog  of  the  aircraft's  operational  time-history  and  as  such,  maintains 
a high  ratio  of  equipment  on  time  to  test  time.  Furthermore,  due  to  economic 
and  schedule  considerations,  the  overall  test  program  and  its  various  cyclic 
parts  must  be  so  constituted  to  allow  the  use  of  standard  test  equipment  and, 
insofar  as  practical,  automated  cycling. 

In  considering  various  alternate  methods  of  developing  the  humidity 
cycle  and  locating  it  within  the  thennal  cycle,  the  prime  objectives  were 
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to  produce  a technically  valid  exposure  whose  duration  and/or  cyclic  period 
fit  within  the  aircraft  service  life  analog  concept.  Based  upon  available 
historical  data,  it  was  determined  that  a technically  valid  approximation 
of  the  average  field  environment  would  be  achieved  if  the  humidity  exposure 
were  represented  as  20$  of  the  total,  test  time.  It  was  initially  consid- 
ered that  his  exposure  should  occur  during  the  "hot  day  - non-operating" 
period  (phase  S)  of  the  basic  test  cycle  to  preserve  the  mission  analog 
concept.  An  in-depth  study  of  this  placement,  relative  to  the  operation 
of  standard  test  equipment,  revealed  that  substantial  changes  to  the  basic 
profile  would  be  required.  In  evaluating  the  technical  benefits  to  be 
derived  from  this  placement  vs.  the  increase  in  test  complexity  and  cost, 
the  required  justification  could  not  be  provided.  It  was  concluded  that 
a far  better  simulation  of  the  expected  natural  moisture  environment  and 
its  effect  upon  avionics,  could  be  achieved  if  a variation  of  the  standard 
M3X-STD-810  exposure  were  conducted  at  discrete  intervals  separating  basic 
cycles. 

The  proposed  humidity  exposure  (refer  to  Figure  32)  is  derived  from 
MIL-STD-81Q,  Method  507,  Procedure  I.  The  basic  cycle  has  been  modified  to 
increase  its  efficiency.  The  number  of  repetitive  cycles  during  any  one 
exposure  has  been  reduced  to  allow  the  exposure  to  be  repeated  every  twenty 
thermal  test  cycles  throughout  the  extent  of  the  test  program.  This  distri- 
bution more  realistically  simulates  the  field  environment  than  would  a long 
tern  exposure  at  any  one  point  in  the  program. 

The  method  507,  Procedure  I standard  test  cycle  has  been  Modified 
to  extend  the  "rise-to-teaperature"  period  to  three  (3)  hours  to  assure 
realization  of  100$  relative  humidity  at  65°C  for  the  first  cycle.  This 
extension  coupled  with  the  standard  six  hour  dwell  will  afford  the  greatest 
opportunity  for  moisture  migration.  The  drying  period,  represented  by  the 
reduction  in  temperature  to  28°C,  has  been  shortened  to  a nominal  three  hour 
period  for  test  efficiency.  The  recognized  risk  (free  moisture  precipitant 
within  the  chamber)  associated  with  reducing  the  drying  time,  is  minimized  by 
imposing  the  85$  relative  humidity  requirement  which  will,  in  actuality, 
govern  the  duration  of  this  period.  Thus,  the  actual  drying  time  may  exceed 
three  hours  depending  upon  the  capability  of  the  test  equipment  to  reduce 
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the  absolute  water  content. 

In  order  to  assure  obtaining  the  full  effect  of  each  humidity  expo- 
sure, while  distributing  the  total  exposure  throughout  the  entire  test 
period,  each  expooure  consists  of  two  modified  cycles,  back-to-back.  This 
arranganent  affords  two  opportunities  for  the  driver  constituent  ( tempera - 
ture)  to  have  its  full  effect. 

Constructing  the  humidity  exposure  and  positioning  it  between  basic 
cycles,  as  previously  outlined,  requires  that  sufficient  time  be  allocated 
prioi  to  and  subsequent  to  the  humidity  cycle,  to  allow  the  test  article  to 
stabilize  at  the  desired  initial  temperatures.  Furthermore,  an  operational 
check-out  of  the  test  article  is  considered  mandatory  at  the  completion  of 
each  humidity  exposure.  Upon  completion  of  phase  I of  the  basic  cycle,  the 
chamber  temperature  is  set  at  28°C  with  the  equipment  non-operating.  At 
the  conclusion  of  the  l/2  hour,  phase  "J"  dwell  period,  the  average  WRA 
temperature  will  have  stabilized  at  28°C,  allowing  the  inception  of  the 
humidity  exposure.  At  the  conclusion  of  the  humidity  exposure,  an  abbre- 
viated operational  check-out  of  the  test  article  Is  performed  when  the 
chamber  temperature  reaches  28°C.  Following  this  check-out,  the  chamber 
temperature  is  adjusted  to  the  next  thermal  cycle  "start"  tonperature  and 
the  non-operating  equipment  is  allowed  to  dwell  for  l/2  hours. 

6.2.5  Test  level  Applicability 

The  specified  test  levels  which  are  based  upon  altitude,  velocity 
and  hot  and  cold  day  temperature  conditions  are  applicable  to  the  following 
types  of  equipment: 

(1)  Class  1 - Equipment  designed  for  50,000  feet  altitude  and  con- 
tinuous sea  level  operation  over  the  temperature  range  of  -5 >4° 
to  +55°C  (+71°C  intermittent  operation). 

(2)  Class  1A  - Equipment  designed  for  30,000  feet  altitude  and  con- 

tinuous sea  level  operation  over  the  temperature  range  of  -5^° 
to  +55°C  ( +71°C  intermittent  operation). 
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(3)  Claes  2 - Equipment  designed  for  70,000  feet  altitude  and  con- 
tinuous sea  level  operation  over  the  temperature  range  of  -5^°C 
to  +71^0  (95°C  intermittent  operation). 

(b)  Equipment  located  in  a ram  cooled  •'.ompartment . 

(5)  Equipment  cooled  using  ram  air  directly  or  through  an  air/oil 
heat  exchanger. 


6,2.6  Construction  of  Temperature- Humidity  TeBt  Profile 

6. 2. 6.1  Required  Information  - The  development  of  a laboratory  program, 
directed  to  a specific  aircraft,  required  the  use  of  certain  air- 
craft/equipment  peculiar  information  in  addition  to  that  presented 
herein.  The  necessary  specifics  are  as  follows: 

(l)  Flight  envelope  of  aircraft  Including  climb  and  descent  rates, 
both  maximum  and  idle. 

Mission  time  line  of  aircraft 

Type  of  equipment  to  be  tested  (Class  I,  Class  IA,  Class  II, 
equipment  located  in  ram  cooled  compartment ) 

Method  of  cooling.  (Ambient,  ram  air,  or  forced  air)  If  forced 
air  cooled,  a specification  curve  of  flow  rate  vs.  inlet  tempera- 
ture is  required. 

Minimum  expected  steady  state  compartment  temperature  for  cold  day. 

6 . 2 . 6 . 2 Equipment  Operating  Schedule 

In  order  to  obtain  the  desired  high  rs,tio  c-f  operating  time  to  test 
time,  the  schedule,  which  is  based  upon  mission  phases  and.  shown  in  Table 
23,  should  be  followed.  It  should  be  noted  that  insofar  as  possible  the 
schedule  durations  are  derived  from  the  mission  profile.  The  exceptions 
taken  are  necessary  to  obtain  the  desired  environmental  crporuie  within 
the  constraints  of  test  equipment  and/or  test  time. 

6.2. 6. 3 Forced  Cooling  Air  Temperature /Flew  Schedule 

As  previously  discussed,  the  cooling  air  temperature  and  flou  must  be 
controlled  in  order  to  assure  that  the  test  article  is  in  fact  subjected 
to  the  thermal  envirorment  exposure.  The  presented  schedule.  Table  23 
controls  the  parameters  such  that  the  forced  air  is  an  aid  to  the  WRA's 
attaining  the  desired  thermal  transitions.  The  schedule  is  refoL’encpd  to 
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TA3I£  23  WRA  OPERATING  AND  COOLING  ATP  SCHEDULES 
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the  established  mission  phase. 
6,2.7  Sample  Test  Profile 


The  following  teat  irofile  is  presented  as  an  aid  to  the  reader's  under- 
standing of  the  proposed  approach  and  its  implementation.  The  required  air 
craft/equipment  information  is  provided,  and  its  utilization  in  conjunction 
with  the  data  is  shovni. 

In  constructing  a thermal  test  profile,  Table  24  forms  the  base.  From 
Table  24  the  fixed  durations,  i.e.,  30  minutes,  is  obtained  for  Phases  A,  E, 

F,  and  J,  Furthermore,  under  the  appropriate  class  of  equipment  will  be 
found  either  an  actual  temperature  or  a Table  number  to  be  used  in  the 
selection  of  the  tanperature  for  these  phases. 

Continuing  in  the  aircraft  operational  phases,  one  can  see  that  these 
durations  are  bused  upon  aircraft  mission  time  lines  and  the  appropriate 
temperatures  are  selected  from  the  indicated  Tables  under  the  specific 
class  of  equipment. 

The  repetitive  period  of  this  thermal  cycle  and  the  cyclic  insertion 
of  the  humidity  cycle  are  indicated  in  Figure  27.  The  special  conditions 
associated  with  the  insertion  of  the  humidity  cycle  are  shown  in  Figure  32. 

Construction  of  Sample  Thermal  Profile 

The  "Fighter  Intercept"  thermal  profile  is  constructed,  using  the  follow- 
ing information  obtained  from  the  aircraft  and  WRA  performance  specifications. 
The  underlined  material  was  used  in  constructing  the  profile. 

An  ambient,  cooled  unit  def  Lgned  for  Class  II  is  to  be  used  in  a fighter 
aircraft.  The  aircraft  climbs  to  30,00°  feet  in  7 minutes  end  is  vectored 
to  the  target  in  23  minutes  at  a roach  number  of  1,0  at  this  time,  the 
fighter  makes  a high  performance  dive  in  _2  minutes  to  intercept  the  target 
at  10,000  feet.  After  the  kill,  the  fighter  cruises  at  high  performance 
at  10,000  feet  for  5 minutes.  The  fighter  then  climbs  to  40,000  feet  in 
13  minutes  and  crulBes  to  base  at  a mach  number  of  0,6  cruise  time  In  35 
minutes.  Idle  descent  time  is  15  minutes.  The  atasydy  state  compartment 
temperature  is  considered  to  be  -1.8°C  at  ana  level. 
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(2)  If  chamber  "rate  of  temperature  change"  limits  are  exceeded,  the  chamber  limits 
shall  be  used.  Temperature  rate  of  change  shall  be  5°C/minute  (minimum). 


Combining  the  above  information  with  the  direction  and  information 
contained  in  Table  I yields  that  presented  in  Table  25.  The  resulting 
profile  is  represented  graphically  in  Figure  33- 

6,2.8  Profiles  for  Multi-Mission  Aircraft 

Where  several  types  of  aircraft  missions  are  contemplated,  several 
alternate  solutions  to  the  development  of  a thermal  test  program  for  multi- 
mission aircraft,  have  been  investigated  as  discussed  in  the  following  para- 
graphs. 

The  solution  which  would  best  duplicate  the  expected  environment  over 
a substantial  portion  of  the  WRA's  life  would  require  testing  to  as  many 
derived  profiles  as  there  are  contemplated  aircraft  missions.  The  number 
of  exposures  to  these  derived  profiles  would  be  in  the  same  proportion 
as  the  projected  distribution  of  aircraft  missions  and  the  ordering  could 
follow  a random  selection.  The  major  obvious  disadvantages  to  this  approach 
are  cost  and  complexity.  The  automated  equipment  controls  would  require 
reprogramming  for  each  profile  change,  necessitating  almost  continuous 
attendance  of  test  personnel  during  the  full  extent  of  the  demonstration. 
Furthermore,  documentation  for  the  preparation  of  the  required  test  plans, 
procedures  and  reports  would  be  costly. 

The  most  stringent  of  the  examined  alternatives  is  based  upon  conduct- 
ing the  demonstration  using  the  most  severe  of  the  derived  profiles  through- 
out the  program.  Certainly  the  advantages  to  this  approach  in  terns  of 
test  cost  and  complexity  are  obvious.  The  disadvantage  however,  lies  in 
requiring  the  test  article  to  survive  repeated  exposures  to  a level  of 
environmental  stress  which  it  may  rarely  experience  during  its  service  life. 
This  type  of  program  could  accelerate  failures  and/or  produce  failure  modes 
far  in  excess  of  actual  field  per  romance,  where  the  WRA  would  be  subjected, 
to  a variety  and  mix  of  environmental  levels,  thus  rendering  the  demonstra- 
tion a poor  index  of  expected  field  performance.  Although  one  could  argue 
that  the  successful  completion  of  ouch  a test  buys  a "safety  margin"  for 
field  usage,  (which  may  be  very  desirable)  the  question  is  "at  what  price?". 
In  order  to  assure  a product's  successful  completion  of  the  program,  some 
possible  overdesign  may  be  required.  Thus  the  reliability  benefits  for  this 
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approach  must  be  weighed  against  the  additional  design,  development  and 
recurrent  costs. 

One  solution  which  retains  the  cost  benefits  of  a single  test  profile 
and  provides  for  the  application  of  typical  expected  environmental  levels 
was  investigated.  This  approach  derives  a final  test  profile  as  a composite 
of  those  derived  from  the  expected  missions.  The  environmental  levels  and 
durations  associated  with  each  mission  segment  would  be  determined  as  an 
average  of  each  Individual  mission  derived  profile,  weighted  with  respect 
to  the  expected  frequency  of  the  mission's  occurrence.  The  disadvantage 
to  this  approach  in  that  the  resultant  test  profile  is  in  fact  an  average 
(albeit  a weighted  one)  which  never  exposes  the  test  article  to  the 
environmental  stress  levels  associated  with  the  more  severe  missions. 

Reviewing  the  above  presented  alternatives,  one  concludes  that  some 
compromise  approach  which  retains  the  major  technical  and  cost  benefits  of 
each  while  minimizing  the  disadvantages  would  be  an  acceptable  solution. 

Given  that  a mission  time  line  for  each  of  the  projected  aircraft  missions 
is  available  and  that  an  accurate  prediction  of  the  frequency  of  occurrence 
of  each  of  these  missions  is  also  available,  one  can  develop  a program 
using  environmental  severity  and  frequency  of  occurrence  as  biasing  para- 
meters. This  approach  utilizes  the  most  and  least  severe  of  the  individual 
mission  derived  profiles,  in  a distribution  proportional  to  expected 
mission  frequency  of  occurrence,  to  yield  a technically  valid,  cost  effec- 
tive program. 

The  initial  phase  cf  the  approach  requires  that  u profile  be  derived 
for  each  projected  mission,  excluding  ferry  missions  (except  for  transports), 
as  outlined  in  paragraph  6.2.6.  Each  of  these  derived  profiles  is  then 
ranKed  in  order  of  severity  which  is  defined  as  the  number  of  significant 
thermal  excursions  per  unit  time.  A significant  thermal  excursion  being 
defined  aa  one  with  a minimum  delta  of  10°C  and  a dwell  at  the  new  tempera- 
ture of  at  least  10  minutes.  Assuring  the  expected  "frequency  of  occurrence" 
percentage  associated  with  each  of  these  derived  profiles  completes  the 
necessary  data  base. 
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By  inspection,  one  can  determine  the  mid-rank  of  this  list  of  severity 
ranked  profiles  and  use  it  as  a dividing  line-  Summing  the  "frequency  of 
occurrence"  percentages  above  this  line  (more  severe)  and  separately 
summing  those  below  it  (less  severe)  yields  two  percentages  which  reflect 
the  expected  distribution  of  levels  of  environmental  severity  during  the 
life  of  the  aircraft.  The  thermal  test  program  can  then  be  constructed 
utilizing  the  most  and  least  severe  profiles  in  the  derived  distribution. 

Once  having  determined  the  two  test  profiles  and  their  distribution 
ratio,  the  temperature/humidity  sequence  is  conducted  as  previously  de- 
scribed and  shewn  graphically  in  Figure  27.  The  distribution  of  the  two 
profiles  within  the  twenty  cycle  set  should  be  such  that  at  least  one  com- 
plete ratio-set  of  profiles  is  conducted  during  each  week  of  test  time, 
(i.e..  If  the  distribution  ratio  is  60^  least  severe  profile  and  most 
severe  profile,  six  least  severe  profiles  and  four  most  severe  profiles 
must,  as  a minimum,  be  conducted  every  test  week. ) In  special  cases  cf 
equipment /systems  with  very  short  MTBF's,  this  minimum  requirement  may  have 
to  be  modified  to  insure  a valid  distribution  of  the  profiles  within  the 
extent  of  the  demonstration. 


6.3  VIBRATION 
6.3.1  Approach 


It  Is  apparent,  and  can  be  verified  by  any  study  of  mission  profiles, 
that  almost  all  of  the  time  during  which  the  equipment  of  interest  is  re- 
quired to  meet  specification  performance  is  spent  under  steady  state 
conditions.  It  is  reasonable  to  assume  then  that  a Reliability  Demonstra- 
tion Test  Profile  should  be  based  on  steady  state  conditions;  the  short 
duration  transient  situations  being  adequately  covered  by  successful  com- 
pletion of  the  environmental  Qualification  Test. 

During  the  Qualification  Test,  the  equipment  is  exposed  to  accelerated 
test  levels  at  sinusoidal  and/or  random  energies,  as  well  as  accelerated  half 
sine  shock  pulses  for  short  periods  of  time,  so  as  to  demonstrate:  (l)  the 

equipment's  performance  at  extreme  conditions,  which  are  far  in  excess  of  any 
operational  steady  state  levels  and  more  severe  than  any  transients  the 
equipment  will  encounter  during  its  operational  life,  and  (2)  to  evaluate 
the  structural  integrity  of  the  equipment  construction. 

Additionally,  since  the  test  level  is  increased,  it  is  possible  by 
utilizing  Stress  versus  Cycles  (S-N)  theory,  to  reduce  the  test  time,  and 
still  satisfy  the  structural  design  requirements  of  the  equipment.  However, 
at  no  time  during  the  Qualification  testing  have  the  equipment's  electrical 
conponents  been  exposed  to  any  long  periods  of  environmental  testing. 

In  regard  to  the  test  time  associated  with  the  transient  conditions, 
i.e.,  catapult,  buffet,  abrupt  maneuvers,  arrested  landing,  etc.,  it  is 
noted  that  the  significant  frequencies  associated  with  the  transients  are 
generally  low,  i.e.,  less  than  50  Hz,  and  are  related  with  the  major  struc- 
tural modus.  These  structural  modes  i.e.,  fuselage  vertical  bending,  wing 
bending,  etc.,  have  relatively  high  displacement  inputs  to  the  equipment, 
but  produce  insignificant  damage  because  the  transient  frequencies  are 
generally  below  the  equipment's  resonant  frequencies,  which  therefore  cause 
the  equipment  to  displace  without  producing  any  dynamic  amplification.  The 
number  of  transient  occurrences  are  at  a level  approximately  2 times  the 
operational  level,  and  only  represent  approximately  5%  of  the  total  time  or 
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,1  less,  depending  on  the  aircraft  mission.  Therefore,  it  can  be  concluded  that 

| the  combined  accelerated  vibration  and  shock  levels  Imposed  on  the  equipment 

I during  the  envi ronmental  qualification  does  insure  the  operational  system 

j compliance  in  the  aircraft. 

I 

t 

f Thus,  if  all  the  pre -Reliability  Demonstration  Testing  has  been  com- 

^ pleted  successfully,  i.e.,  subjecting  the  equipment  to  short  duration,  high 

(level  extremes  typical  of  all  the  transients,  only  the  remaining  flight 
conditions  representative  of  the  steady  state,  long  duration  environment, 
should  be  utilized  to  determine  the  Mean  Time  Between  Failures  (MTBF)  char- 

Iacteristics  of  the  equipment. 

Section  V indicated  the  necessity  for  the  demonstration  test  vibration 
environment  to  approximate  field  conditions  both  in  level  and  frequency. 
Therefore  the  field  vibration  data  presented  in  Appendix  C was  analyzed  with 
a goal  toward  developing  representative  and  comprehensive  values  of  vibra- 
tion levels  and  frequency  for  demonstration  testing. 
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The  approach  in  the  analysis  of  the  data,  was  to  develop  an  envelope 
that  generally  bounded  the  data  points  under  review.  The  upper  limit  of  the 
envelope  was  determined  through  the  application  of  "Statistical  Tolerance 
Limit"  techniques  {ref,  14).  This  method  provides  the  means  for  obtaining 
an  interval  which  covers  a fixed  proportion  or  the  population  with  a speci- 
fied confidence.  The  interval  is  called  a "tolerance  interval"  and  the  end 
point  is  called  a "tolerance  limit."  For  this  analysis,  the  confidence  was 
set  at  99$  and  the  proportion  set  at  93*9$*  These  values  were  deliberately 
selected  to  be  conservative.  Since  the  study  concentrated  on  four  air- 
craft, yet  the  study  goal  was  to  have  results  as  widely  applicable  as  pos- 
sible, the  conservatism  in  approach  was  considered  warranted. 

The  method  of  constructing  the  tolerance  limit  consisted  of  determining 
the  mean  (x)  and  standard  deviation  (S)  of  the  data  points  under  review  and 
then  evaluating  the  expression: 

Tolerance  Limit  = x + kS 

where: 

k is  a tabulated  value  (ref,  14) 
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x.  ,7.  ....  x_  — — T— 


1 


ased  on 


• number  of  data  points 

• desired  population  proportion 

• specified  confidence. 

As  previously  indicated,  the  environment  experienced  by  WRA's  installed  in 
Jet  aircraft  was  different  than  that  experienced  by  WRA's  installed  in  pro- 
peller driven  aircraft.  Thus,  it  was  decided  to  develop  separate  profiles 
for  Jet  aircraft  and  turboprop  aircraft.  The  procedures  utilized  and  the 
results  are  explained  in  the  following  paragraphs. 

6,3*2  Levels 

6.3*2. 1 Jet  Aircraft 

An  initial  examination  of  the  Jet  aircraft  vibration  data  presented  in 
Appendix  C,  Figures  1 to  l4,  immediately  revealed  three  primary  conclusions, 
i .e . , 

(1)  the  environment  was  predominantly  random  and  can  not  be  correctly 
represented  by  the  MIL-STD-78I  fixed  sinusoidal  frequency  require- 
ment. 

(2)  the  internal  equipment  vibration  levels  were  higher  in  the  rear  of 
the  aircraft  than  in  the  forward  portion. 

(3)  the  data  was  steady  state  with  no  transient  responses. 

Motivated  by  conclusion  No.  2 above,  the  next  step  in  the  development 
of  the  test  profile  was  to  examine  the  vibration  environment  in  each  of  the 
aircraft  to  determine  if  it  was  possible  to  consistently  group  the  WRA's, 
by  levels,  into  general  categories  based  on  location  throughout  the  fuselage. 
Other  factors  to  be  considered  were:  (l)  standardization  of  vibration  level, 

(2)  minimum  number  of  zones,  (3)  equipment  location,  and  (4)  practical  re- 
location of  equipment  during  development  phase. 

A closer  examination  of  the  vibration  data  recorded  on  the  three  Jet 
aircraft  indicated  a considerable  variation  in  the  overall  level  along  the 
fuselage,  the  severity  increasing  toward  the  engine  and  further  increasing 
aft  of  the  engine.  Further  investigation  revealed  the  magnitude  of  the 
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vibration  in  the  area  forward  of  the  engine  compartment,  the  engine  compart- 
ment and  aft  of  the  engine  compartment  were  similar  for  the  three  aircraft 
even  though  their  engine  locations  were  different,  and  the  engine  thrust 
varied.  This  observation  suggested  that  three  zones  (forward  of  engine, 
engine  compartment,  and  aft  of  engine)  could  be  a feasible  partition.  The 
engine  compartment  is  defined  to  start  at-  the  plane  of  the  engine  fan  or 
compressor  front  face,  and  end  at  the  plane  of  its  most  aft  portion, 
whether  it  be  at  the  end  of  the  tail  pipe  or  the  after  burner. 

To  verify  this  assumption,  the  vibration  data  for  all  WRA's  located  in 
a zone,  irrespective  of  aircraft,  was  plotted.  Examination  of  the  graphs 
for  each  zone  revealed  the  great  similarity  in  values  within  each  zone,  thus 
validating  the  choice  of  zones. 

A review  of  the  level  distribution  in  each  zone  indicated  that  the 
frequency  range  should  be  divided  into  two  bands,  i.e.,  10-100  Hz  and  100- 
500  Hz.  The  data  points  for  each  frequency  band,  within  each  zone,  was 
analyzed  to  determine  specific  envelope  limits.  The  composite  zone  plots 
and  evaluated  envelopes  are  presented  in  Figures  34,  35,  and  36.  They 
indicate: 

# Zone  I — (Equipment  Forward  of  Engine  Compartment) 

Figure  34  represents  the  steady  state  internal  vibration  environment 
forward  of  the  engine  on  jet  aircraft.  The  levels  are  relatively 
low,  regardless  of  frequency  and  indicate  that  a power  spectral 
density  (PSD)  level  of  .01  g2/Hz  between  10-100  Hz  and  .007  g2/Hz 
between  100-500  Hz  is  representative  of  the  operational  environment 
for  equipment  forward  of  the  engine.  The  low  levels  indicate  that 
the  predominant  engine  induced  frequencies  have  been  significantly 
reduced  by  the  damping  in  the  aircraft  structure,  and  are  mainly 
attributed  to  the  aerodynamic  pressure  fluctuations  impinging  on 
the  fuselage. 

• Zone  II  --  (Equipment  in  Engine  Compartment) 

Figure  35  represents  the  steady  state  internal  vibration  environment 
for  the  engine  compartment  in  jet  aircraft.  The  PSD  level  is 
.002  g2/Hz  between  10-100  Hz  and  .035  g2/Hz  for  the  100-500  Hz 
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range.  The  data  levels  indicate  that  there  is  very  little  displace- 
ment at  the  lower  frequency  structural  modes,  hut  in  the  100-500  Hz 
range  the  engine  rotational  frequencies  and  their  harmonics  have 
become  significant. 

• Zone  III — (Equipment  Behind  Engine  Compartment ) 

Figure  36  represents  the  steady  state  internal  vibration  environment 
for  the  fuselage  area  behind  the  engine  for  Jet  aircraft.  Since  the 
measurements  acquired  during  ground/take-off  were  generally  con- 
siderably higher  than  flight  measurements,  it  was  decided  to  de- 
termine separate  envelopes  for  each  condition. 

The  ground  levels  between  100-500  Hz  are  extranely  high  (l.0g2/Hz) 
and  are  attributed  to  engine  induced  vibrations  and  reflection  off 
the  ground,  i.e.,  direct  engine  exhaust  impingement  on  the  aircraft 
structure  and  exposure  due  to  the  acoustic  field  generated  by  the 
engine  jet  exhaust.  The  flight  levels  in  this  frequency  range  are 
-kOg^/tfz  and  are  as  previously  mentioned,  primarily  the  result  of 
engine  exhaust  impingement  or.  structure  and  the  engine  generated 
acoustic  field,  but  of  course  are  lesser  than  the  ground  levels 
due  to  the  reduction  caused  by  the  forward  speed  of  the  aircraft, 
and  the  elimination  of  any  ground  reflections. 

p 

It  should  be  noted  that  in  choosing  the  envelope  of  .Olg  /Hz  in  the 
frequency  range  of  10-100  Hz  an  exception  to  the  statistical 
approach  was  chosen.  Since  this  frequency  range  of  10-100  Hz 
had  so  few  data  points  it  was  decided  to  utilize  data  from  Zone  I 
which  had  a substantial  data  population.  The  rationale  for  this 
decision  was  that  low  frequency  responses  are  primarily  due  to 
structural  modes  (e.g.,  fuselage  bending,  fuselage  torsion,  etc.) 
affecting  the  entire  fuselage,  A high  impedance  structure  (i.e., 
engines)  is  in  Zone  (II)  that  does  not  respond  to  these  low  fre- 
quency inputs  but  acts  more  like  a fulcrum.  Thus  the  zones  forward 
and  aft  of  the  engine  (Zone  I and  Zone  III)  respond  similarly  with 
respect  tc  each  ether.  It  is  for  this  reason  that  data  for  Zone  I 
from  10-100  Hz  is  considered  equivalent  to  the  Zone  III  data. 
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The  two  points  falling  above  this  .Gig "/Hz  were  attributed  to  erroneous 
instrumentation. 

Since  the  vibration  data  analyzed  represented  the  operational  environ- 
ment only  for  the  frequency  range  fron  10  to  500  Hz  for  the  three  study  jet 
aircraft*  an  investigation  was  initiated  to  determine  how  representative  the 
zonal  concept  and  calculated  envelopes  were  of  other  aircraft.  Data  repre- 
senting the  Zone  I and  II  vibration  environment  in  several  additional  jet 
aircraft  (ref.  15  and  l6)  was  analyzed  to  determine  if  uhe  measured  fre- 
quencies and  associated  levels  fell  within  the  calculated  zonal  envelopes. 
Each  measurement  location  was  examined  and  the  vibration  data  was  plotted 
in  its  designated  zone.  This  new  data  contained  frequency  information  out 
to  2000  Hz  and  3ince  the  frequency  ranges  in  all  the  new  equipment  pro- 
curement specifications  have  been  ext, ended  to  2000  Hz,  it  was  decided  to 
incorporate  this  information  in  the  investigation. 

Examination  of  this  new  vibration  data  showed  that  from  70-500  Hz,  over 
95%  of  the  data  fell  within  the  envelope  limits,  indicating  excellent  agree- 
ment and  thuii  further  substantiating  the  use  of  the  vibration  zones.  Data 
below  70  Hz  w is  not  obtainable  due  to  the  excessive  bandwidths  of  the 
analyzer  filter.  It  was  decided  that  because  of  the  excellent  correlation 
in  the  vibration  data  from  Reference  15  and  Reference  l6  up  to  500  Hz,  it 
was  technically  feasable  to  use  the  data  above  500  Hz  to  determine  the  high 
frequency  envelop  limits  for  these  two  zones.  No  Zone  111  data  other  than 
for  the  study  aircraft  was  obtainable.  Therefore,  available  measurement 
information  in  i,he  high  frequency  region  on  these  aircraft  was  used  to 
extend  the  profiles  to  2000  Hz  for  this  zone.  This  additional  vibration 
data  and  its  relationship  to  the  previously  calculated  envelopes  are  shown 
in  Figures  37,  38,  and  39  for  Zones  2,  II,  and  III,  respectively.  It  should 
be  noted  that  all  the  data  presented  in  Figure  39  represents  ground  and 
take-off  conditions.  Therefore,  in  order  to  arrive  at  an  inflight  high 
speed  level  for  the  500  to  2000  Hz  range,  the  ratio  of  ground  to  flight 
level  observed  in  the  100  to  500  Hz  range,  (i.e.,  2.5=l)  was  utilized  to 
produce  the  level  of  0.68g  /Hz.  These  envelopes  are  then  the  recommended 
vibration  levels  for  demonstration  testing.  It  should  be  noted  that  l’SD 
transitions  are  indicated  as  step  functions  in  order  to  encompass  the  full 
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TERATION  DATA  ON  ADDITIONAL  AIRCRAFT  STUDIED  FOR  ERA'S 
LOCATED  FORWARD  OF  'DIE  ENGINE  (ZONE  I] 


I 

I 


< 
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range  of  data  points.  Actual  testing  will  require  the  use  of  the  highest 
dB/octave  ratio  available  from  the  test  equipment. 

6 . 3 . 2 . 2 Turboprop  Aircraft; 

Ab  indicated  previously,  only  one  turboprop  aircraft  was  included  In 
the  study.  This  aircraft  has  two  constant  speed  turboprop  engines,  one 
mounted  on  each  wing.  An  examination  of  the  measured  vibration  environment, 
presented  on  acceleration  (g)  peak  versus  frequency  plots,  as  shewn  in 
Figures  15  to  17  of  Appendix  C,  describes  a vibration  distribution  indica- 
tive of  a negligible  broadband  randan  base  with  a series  of  high  (g)  peak 
narrow  band  spikes.  The  predominant  frequency  content  is  sinusoidal  and  is 
directly  associated  with  the  engine  propeller  shaft  frequency  (18. 4 Hz), 
propeller  blade  passage  frequency  (73-2  Hz),  and  their  harmonics.  The  maxi- 
mum acceleration  (g)  responses  are  concentrated  at  73.2  Hz,,  146.4  Hz,  219.6 
Hz,  and  292.8  Hz.  The  higher  frequency  energy  in  the  fuselage  that  is 
associated  with  the  engine  turbines  is  reduced  by  the  engine  low  frequency 
isolator  mounts  and  the  structural  atteutuation  in  the  wing  and  fuselage. 

A review  of  the  above  vibration  data  indicates  that  the  constant-speed 
turboprop  aircraft  examined  in  this  study  is  not  completely  characteristic 
of  the  aircraft  group  classified  "turboprop. " As  stated  previously,  all  the 
vibration  energy  is  concentrated  at  four  or  five  discrete  frequencies  asso- 
ciated with  the  propeller  and  do  not  vary  with  flight  conditions.  An 
increase  in  forward  velocity  is  a function  of  propeller  pitch,  whereas  for 
the  majority  of  turboprop  aircraft,  forward  velocity  is  a function  of  vari- 
able RPM  and/or  blade  pitch,  i . e„,  take-off  and  maximum  speed  occurs  at  a 
higher  engine  RPK  than  cruise  or  loiter.  But  in  either  situation,  for 
constant  speed  turboprop  or  variable  speed  turboprop  engine  aircraft,  it 
can  be  seen  that  the  operational  vibration  environment  can  not  be  described 
by  the  low^lxed  frequency  (20-60  Hz)  requirement  outlined  in  MIL— STD-781. 

Since  tBjf;  intent  of  this  study  was  to  develop  a widely  applicable  and 
realistic  requirement,  it  was  decided  to  analyze  several  other  turboprop 
aircraft  in  an  attempt  to  arrive  at  a universal  teBt  spectrum,  rather  than 
to  have  a prof  ilk  for  each  and  every  turboprop  airci’aft.  Thus,  the  data 
from  the  study  alL’cr&ft  as  well,  as  the  vibration  environment  on  several 
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other  constant  and  variable  speed  turboprop  aircraft  were  grouped  to  examine 
their  frequency  and  level  distribution.  Results  of  this  investigation  dis- 
closed relatively"  low  acceleration  (g)  peak  responses  at  frequencies  asso- 
ciated with  the  aircraft  structural  inodes  (i.e.,  fuselage  vertical  bending, 
wing  bending  as  well  as  the  frequencies  associated  with  engine  shaft  rota- 
tion), and  then  higher  acceleration  (g)  responses  associated  with  the 
localized  structure,  propeller  blade  passage  and  its  harmonics  as  well  as 
frequencies  related  to  the  operation  of  the  aircraft  auxiliary  system  pumps 
and  motors.  Then,  based  on  experience,  and  allowing  for  the  variation  in 
minimum  operational  engine  shaft  speeds,  it  was  decided  to  divide  the 
frequency  range  into  two  bands,  i.e.,  10-50  Ha  and  50-500  Hz.  The  data 
within  each  band  was  used  to  calculate  envelope  limits.  The  composite  data 
and  resulting  envelope  are  shown  in  Figure  40.  It  represents  the  steady- 
state  internal  operational  environment  in  'the  fuselage  of  turboprop  air- 
craft. The  acceleration  (g)  peak  level  is  + ,7 g frcsi  10-50  Hz  and  + 2.  kg 
from  50-500  Hz.  The  predominant  responses  are  at  the  propeller  blade  passage 
frequencies  and  their  harmonics,  and  vary  as  a function  of  engine  rotational 
frequency  and  number  of  propeller  blades. 

The  vibration  data  analyzed  in  this  study  represents  the  steady  state 
environment  for  the  frequency  between  10-500  Hz  for  the  study  aircraft,  in 
edditic-n  to  several  other  constant  and  variable  engine  speed  turboprop  air- 
craft. The  data  examined,  although  limited,  indicated  that  there  is  signifi- 
cant data  above  500  Hz.  Based  on  the  high  frequency  environment  evaluated 
on  the  jet  aircraft  and  since  turboprop  and  turbofan  power  plants  have  cer- 
tain dynamic  similarities  by  nature  of  their  design,  it  is  recommended  that 
the  10-500  Hz  profile  be  extended  to  2000  Hz,  resulting  ir.  a profile  de- 
scribed by  + .7g  from  10-33  Hz,  .012"  DA  from  3?-62  Hz  and  + 2.%  from  * 

62-2000  Iiz. 

6. 3.2. 3 Excluded  WRA  locations 

The  proceeding  development  for  inner nail/  mounted  equipment  doe*  not 
hold  true  for  external  and  surface  mounted  equipment  installations,  that  are 
primarily  sutceptable  to  the  jet  noise  and  turbulent  airflow  which  impinges 
on  aircraft  external  surfaces.  For  these  situaticr.*,  a generalization  is 
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I not  possible  and  requires  a specific  knowledge  of  the  engine  characteristics, 

t aircraft  flight  profile  and  structure  to  which  equipment  is  mounted.  With 

| the  above  information  one  can  predict  the  operational  surface  environment  by 

incorporating  the  procedures  mentioned  in  Reference  17  for  calculating  the 
structural  vibrations  induced  by  turbulent  airflow.  To  determine  the  struc- 
tural vibrations  due  to  engine  noise,  one  must  first  calculate  the  sound 
pressure  levels  using  Reference  18,  and.  then  convert  then  into  frequencies 
and  levels  by  incorporating  the  procedures  outlined  in  Reference  17.  The 
| resulting  levels  from  above  method  should  then  be  converted  to  PSD  levels 

| (based  on  analysis  filter  bandwidth)  and  enveloped  in  such  a way  so  as  to 

> encompass  all  the  maximum  responses.  The  resulting  envelope  will  then  define 

: the  demonstration  test  vi.br  at  ion  level. 

6, 3.2.4  Extension  to  Other  Aircraft 

A review  of  several  different  types  of  aircraft  concluded  that  the 
i vibration  environment  in  jet  aircraft  is  quite  similar  and  is  primarily  due 

f to  the  location  of  the  engine  relative  to  the  equipment  and  the  flight 

profile  of  the  aircraft.  This  is  supported  by  an  empirically  derived  con- 
clusion that: 

"aircraft  structure  selection  and  construction  is  proportional  to  engine 
thrust  and  flight  envelope.  In  other  words,  the  design  requirements  imposed 
by  mission,  gross  weight,  speed,  etc.,  appearing  at  comparable  locations 
differ-  little  from  aircraft  to  aircraft  regardless  of  type  and  size.  This 
f suggests  a relationship  of  the  type 

1 (THRUST)  x (STRUCTURAL  ATT'ENTUAT ION ) ^ (Constant)" 

| Since  the  commonality  of  the  dynamic  environment  in  aircraft  exists, 

the  profiles  developed  herein  will  adequately  reflect  the  environment  for 
any  internally  mounted  equipment  installed  In  an  aircraft  whose  engines 
are  fuselage  mounted. 

It  was  also  determined  from  a review  of  available  data  that  the  vibra- 
tion environment  for  internal  fuselage  mounted  equipment  is  more  severe  in 
aircraft  with  engines  in  the  fuselage,  than  in  aircraft  with  engines  mounted 
on  the  wings  or  In  external  pods.  Recorded  measurements  for  the  latter  cases 
were  generally  observed  to  be  no  greater  than  O.Olg  /Hz  throughout  the 
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fuselage.  Intuitively,  this  lesser  level  is  easy  to  comprehend.,  since  the 
engine,  the  primary  disturbing  energy  source  in  the  aircraft  is  separated 
from  the  aircraft,  resulting  in  a reduction  in  the  mechanical  vibration 
level  due  to  structural  attenuation  and  a reduction  in  the  acoustical  level 
j.s  a result  of  distance. 


Therefore,  realizing  the  benefit  of  a reduction  in  vibration  level, 
as  well  as  examining  the  Reliability  Demonstration  Profiles  presented  herein, 
it  is  recommended  that  the  reliability  test  vibration  profile  that  best 
describes  the  operational  environment  for  equipment  installed  in  aircraft 
with  engines  mounted  on  the  wings  or  in  external  pods,  is  that  of  Zone  I 
(Fig.  37). 

Furthermore,  it  is  estimated  that  the  equipment  evaluated  in  this  study 
is  representative  of  approximately  90$>  of  all  current  equipment  installa- 
tions in  aircraft.  Thus,  the  reliability  test  vibration  profiles  developed 
in  this  study  encompass  of  all  aircraft  equipment  installations. 


As  indicated  previously,  the  vibrational  characteristics  of  the  re- 
maining installations  (i.e.,  internal  and/or  external  surface  mounted) 
cannot  be  represented  by  an  environment  that  was  developed  for^ internally 
mounted  equipment.  The  various  techniques  utilized  to  predict  (the  relia- 
bility test  level  for  these  special  cases  are  discussed  in  the  following 
paragraph. 


6. 3.2. 5 Prediction  of  Test  Levels 

For  those  situations  in  turbojet  aircraft  where  the  dynamics  engineer 
desires  to  calculate  the  operational  equipment  vibration  environment  using 
various  present  day  prediction  techniques,  the  following  are  available: 

(l)  Noise  Prediction  Techniques: 

a)  AFFDL-TR-62-26  --  jet  engine  noise  at  a desired  location 
(Reference  19). 


To) 


AFFDL-TR-71-63  — 
flight  (Reference 


jet  exhaust  noise  for  ground  run-up  and 

20). 


1 


I 
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c)  AFFDL-TR-67 - 167  --  boundary  layer  pressure  fluctions 
(Reference  2l). 

(2)  Vibration  Prediction  Techniques: 

a)  WAPC-TR-JS-S^  — flight  vehicle  noise  predictions 
(Reference  22). 

b)  AFFDL-TR-71-63  — APHSNDIX  V - response  to  aeroacoustic 
excitation  (Reference  20). 

c)  S & V Bulletin  No.  28  August  i960  — vibration  levels  in  jet 
powered  vehicle  ^Reference  18). 

After  acquiring  data  fro-  above  methods,  the  levels  should  then  be  con- 
verted to  PSD  levels  and  the  points  should  be  enveloped  such  that  the  maximum 
points  in  the  spectrum  are  covered.  The  resulting  envelope  will  provide 
the  demonstration  test  profile . 

No  known  analogous  approach  exists  for  turboprop  aircraft.  The  test 
levels  developed  herein  appear  comprehensive  in  that  when  compered  with 
measurements  on  several  other  turboprop  aircraft,  the  levels  for  the  same 
flight  conditions  fell  within  the  proposed  profile.  This  seems  reasonable, 
since  the  engines  are  mounted  on  the  wings,  where  the  benefit  of  structural 
attenuation  is  present  and  the  relationship  between  the  propeller  and  the 
fuselage  is  relatively  the  same. 

6.3.3  Test  Durations 

Section  V indicated  that  vibration  test  durations  should  be  increased 
from  the  current  MIL-STD-781  requirement  of  10  minutes  of  every  hour.  It 
was  argued  that  since  the  WRA  is  exposed  to  vibration  throughout  each 
flight,  the  vibration  test  duration  should  be  proportionately  as  long. 

This  can  best  be  accomplished  by  requiring  vibration  throughout  Phases  B, 

C,  D,  G,  H,  and  I of  the  basic  test  cycle  described  in  Paragraph  6.2.  Since 
these  phases  are  the  test  analogs  of  a flight  and  their  rimes  are  determined  ; 
from  the  mission  profile  of  the  intended  aircraft,  the  WRA  will  consequently 
be  exposed  to  as  much  vibration  as  there  are  simulated  missions  throughout 
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the  entire  test.  A simplified,  graphic  representation  of  this  requirement 
is  shown  below. 


Since  the  equipment  is  to  be  vibrated  constantly  throughout  the  flight 
analog  test  phases,  the  accomaulated  vibration  test  time  could  be  greater 
than  1000  hours  for  higher  reliability  equipment.  Thus,  a more  realistic 
examination  of  the  test  level  in  each  zone  was  necessary,  to  insure  that 
the  equipment  would  not  be  disproportionately  overstressed.  As  previously 
mentioned  in  the  study,  the  vibration  data  examined  for  the  development 
of  each  test  zone  were  acquired  during  the  most  severe  steady  state  condi- 
tions, i.e.,  high  speed  flight  (maximum  q)  and  maximum  engine  power  settings 
during  ground  operations/take-off  and  flight.  These  however,  do  not  repre- 
sent the  operational  vibration  environment  the  equipment  will  experience 
during  the  entire  aircraft  mission,  A review  of  typical  aircraft  mission 
profiles  indicates  that  approximately  25  minutes  out  of  any  given  flight 
are  at  these  severe  conditions  with  the  remaining  steady  state  flight  time 
spent  at  the  more  benign  levels  associated  with  the  cruise  and  loiter  por- 
tion of  the  mission.  Furthermore,  it  was  deuermined  frem  this  review  that, 
on  the  average,  two  of  these  25  minutes  are  spent  during  ground  operations 
and  take-off. 

Examination  of  measured  in-flight  vibration  data  for  the  cruise 
and  loiter  conditions,  indicates  that  they  can  be  adequately  represented 
by  a test  level  that  is  50$  of  the  minimum  flight  levels  previously  deter- 
mined for  the  frequency  range  In  each  zone,  i.e.,  (25$  of>  the  PSD  level  for 
random  and  50$  of  the  acceleration  or  displacement  values  for  sine). 
Exceptions  to  this  50$  reduction  rule  are  those  WRA's  requiring  the  use 
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at  the  Zoi : f 1 profile.  These  include: 


* WJiA'u  installed  forward  of  the  engine  compartment  for  those  jet 
aircraft  where  the  engine!  s)  are  mounted  In  the  fuselage 

ft  WRA's  installed  in  jet  aircraft  where  the  engines  are  on  the  wing 
or  in  external  pods, 

where  the  data  indicates  that  there  is  a negligible  change  in  vibration 
levels  throughout  all  the  steady  state  conditions. 

Thus,  to  reasonably  approximate  field  conditions  (for  those  WRA's 
where  the  reduction  in  level  applies)  it  Is  recommended  that  the  vibration 
test  l>e  conducted  at  maximum  levels  for  25  minutes  of  each  flight  analog 
(i.e.,  during  test  phases  D,  C,  and  L and  then  again  during  test  phases 
G,  H,  I)  with  the  remaining  vibration  time  at  50$  of  the  maximum  in-flight 
level.  To  further  simulate  mission  conditions,  it  is  recommended  that  the 
test  time  at  maximum  levels  be  apport  toned  to  the  phases  in  the  following 
manner  •' 

ft  JVmg  ] j 

10  minutes  at  the  maximum  level  to  coincide  with  the  start  of  Phase 
b (take  off  and  climb  to  altitude  analog) 

• Zone  III 

Two  minutes  at  the  maximum  ground  level  and  8 minutes  at  the  maximum 
flight,  to  coincide  with  the  start  of  phase  B (take  off  and  climb 
to  altitude  analog) 

15  minutes  at,  the  maximum  flight  level  to  coincide  with  the 

"dynamic"  (i.e,,  combat,  high  speed  dash,  etc.)  portion  of  Phase  C, 

or  15  minutes  midway  through  Phase  C for  those  aircraft  types  that 

/ 

do  not  normally  experience  "dynamic  maneuvering”  (e.g. , transport, 
early  warning,  etc. ) 

The  above  is  to  be  repeated  for  Phases  G and  II,  At  indicated  previously,  no 
reduction  la  level  is  required  for  Zone  1. 

It  should  be  noted  that  the  partition  of  tl.e  25  minutes  at  maximum 
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levels  Into  10  and  15  minute  intervals  is  applicable  to  WRA's  installed  in  ; 

Jet  aircraft  where  the  proposed  test  method  is  random  vibration,  For  i/RA's  f 

installed  in  propeller  driven  aircraft,  where  the  proposed  test  method  is 
cine  sweep,  the  recommended  partition  is  12.5  minutes  at  each  of  the  phases 
in  the  test  described  above.  This  modification  was  necessary  to  achieve  a 
complete  sweep  from  10-2000-10  Hz  at  a sufficiently  moderate  sweep  rate 
(1.22  octaves/minute)  to  assure  adequate  exposure  at  all  frequency  bands. 


Thus,  the  vibration  test  is  commensurate  with  mission  t:;me  and 

/ 

anticipated  level  for  the  aircraft  in  which  the  WRA  is  to  be  installed , 


6.3.4  Application 

Figures  4l,  42,  43,  and  44  present  the  recommended  vibration  test 
envelopes  for  the  equipment  location/ propuls ion  type  combinations  previously 
described.  It  is  further  recommended  that  the  WRA's  intended  aircraft 
orientation  and  mounting  (i.e.,  hard  or  .isolated)  be  duplicated  in  the 
vibration  test.  As  indicated  previously,  the  vibration  test  profiles  for 
reliability  demonstration  testing  developed  herein  are  applicable  for  all 
internally  mounted  avionics  equipment.  The  profiles  have  been  developed 
with  the  objective  of  approx imating,  as  closely  as  possible,  the  vibration 
environment  a WRA  is  expected  to  experience  in  actual  field  use.  Thus, 
proper  application  of  these  profiles  requires  foreknowledge  of  those  factors, 
which  the  analysis  indicates  principally  determines  the  field  vibration 
environment.  Specifically,  these  include: 

• type  of  propulsion  of  the  intended  aircraft 

• location  of  the  engines 

• location  of  the  WRA  relative  to  the  engines 

• mission  profile  timeline 

Table  26  shows  the  specific  vibration  test  requirements  for  the  applicable 
variations  of  this  Information. 

6.4  ALTITUDE 

It  is  recommended  that  altitude  not  be  included  as  a demonstration  test 
environment.  The  arguments  to  support  this  position  are: 

101 


, r— < i 

*-V-*H*  * '*■  •*»'  ,- 


* ! 

t 

! 


I 


\ 


i 

i 

1 

j 


5 


FREQUENCY  (Hz) 


• i 

i 


» 

i 


i 

j 


TABLE  26  ^OWOgELJgBRATION  TEST  P/BAMETERS  FOR  INTERNALLY  KOUNTED  WRA 


m As  indicated  in  Section  III,  low  pressure  has  a minimal  effect  on 
cooling  capability. 

e low  pressure,  as  an  independent  environment,  hap  not  been  shown 
to  contribute  significantly  to  equipment  failure. 

• Inclusion  of  low  pressure  within  the  basic  thermal  test  cycle 
would  substantially  effect  the  test  time  line  and  the  ability 
to  produce  rapid  temperature  variations. 

• Pressure  testing  would  be  hampered  by  the  presence  of  humidity 
in  that  the  presence  of  any  residual  water  vapor  interferes  with 
chamber  execution. 

• In  view  of  the  relatively  small  contribution  of  altitude  to 
WRA  unreliability,  the  inclusion  of  a low  pressure  test  outside 

the  basic  temperature  cycle  does  not  appear  economically  justifiable. 

6.5  RELIABILITY’  DEMONSTRATION  TEST  PROFILE 

The  reliability  demonstration  test  profile  is  the  result  of  combining 
the  developed  thermal  profile  with  the  vibration  profile. 

A composite  profile  shewing  the  interrelationships  and  proper  phase 
sequencing  is  presented  in  Figure  45  to  illustrate  the  process  for  one  cycle. 
The  test  consists  of  repeated  applications  of  this  cycle  until  the  accept/ 
reject  criteria  are  satisfied.  It  should  be  noted  that  the  humidity  exposure 
is  an  independent  cycle,  inserted  periodically  as  shown  in  Figure  27. 

6.6  SUBSYSTEM  DEMONSTRATION  TESTING 

This  study  has  addressed  itself  to  analyzing  the  environment  of  each 
WRA;  Consequently,  the  profiles  presented  herein  are  applicable  to  WRA's 
and  single  unit  equipments.  Although  the  study  was  WRA  oriented,  it  is  not 
suggested  that  reliability  demonstration  testing  at  the  subsystem  level  be 
eliminated  since,  from  both  economic  as  well  as  schedule  considerations,  it 
is  more  desirable  to  test  a group  of  WRA's  than  to  test  them  individually. 
These  profiles  would  be  applicable  to  systems  whose  WRA  constituents  arei 
the  same  MIL-clasB  and  are  located  in  the  same  vibration  zone.  As  system 
complexity  increases,  the  likelihood  of  satisfying  both  the  above  conditions 
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decreases,  and  thus  the  selection  of  proper  test  levels  is  not  apparent.  In 
the  extreme  case  of  a system  composed  of  Class  I and  II  WRA's  located  in  all 
three  vibration  zones,  six  different  test  combinations  would  be  required. 

Several  alternatives  were  investigated  but  no  universal  solution  was 
found.  The  options  investigated  and  the  disadvantages  of  each  are  listed 
below: 

Thermal 

• utilize  separate  temperature-chambers  for  each  MIL-Class  (which 
implies  separate  vibration  installations  for  each  c hamber)  --  high 
cost 

• provide  a separate  enclosure  within  a chamber  to  isolate  the  differ- 
ent MIL-Class  WBA's  — additional  test  complexity  and  potential 
difficulties  in  controlling  the  environment  in  the  enclosure 

• test  at  a compromised  level  --  lose  the  association  with  the 
anticipated  field  environment 

Vibration 

• utilize  a separate  vibration  exciter  for  the  WRA's  installed  in  each 
vibration  zone  (which  implies  separate  chambers)  — high  cost 

• test  at  a compromised  level  — lose  the  association  with  the  antici- 
pated field  environment 

• test  at  the  highest  level  — if  failures  occur  or.  WRA's  that  should 
have  been  tested  to  the  more  benign  levels,  are  the  failures  re- 
lated to  time  or  level? 

• determine  the  test  time  reduction  for  Zones  I and  II  WRA's  if 
tested  to  the  Zone  III  level  (based  on  the  accelerated  test  level 
theory,  i.e,,  stress  versus  number  of  cycles  relationship  (S-N)). 
Perform  the  test  on  all  items  at  the  Zone  III  level,  discounting 
any  failures  that  result  in  the  Zone  J.  and  II  WRA's  after  the 
predetermined  time  is  accomplished  — it  is  often  not  clear  whether 
the  failures  encountered  after  the  accelerated  level  testing  is 
completed  are  related  to  vibration  or  thermal  exposure 
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• same  as  above  except,  remove  that  portion  ox'  the  system  equipment 
from  the  vibration  test  setup,  and  install  the  equipment  in  a sep- 
arate non-vibrating  thermal  chamber  e.fter  the  equipment  has  reached 
the  determined  accelerated  test  level  period  --  the  major  disadvan- 
tage to  this  again  is  cost. 

Trade-off  analyses  have  to  be  performed  to  make  the  proper  selection 
from  among  these  alternates.  The  outcome  of  the  analysis,  however,  is 
highly  dependent  on  the  specifics  of  the  system  b;ing  evaluated;  viz., 
nrnnber  of  WEA's,  their  distribution  among  the  different  test  levels,  WRA 
criticality,  predicted  failure  rates,  etc.  It  was  concluded  that  since 
each  system  has  to  be  evauated  independently,  no  generalizations  can  be 
made  and  the  trade-off  analysis  would  have  to  be  performed  by  the  procuring 
activity  and  contractor  as  each  situation  arises. 


i 
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SECTION  VII 


PREDICT!  ON f> 

A secondary  objective  of  the  study  was  to  identify  those  factors  which 
tended  to  contribute  to  the  difference  between  predicted  and  field  reli- 
ability. The  analysis  was  conducted  in  a manner  similar  to  that  performed 
for  demonstrated  reliability.  Differences  in  reliability  be '.ween  the  pre- 
diction and  the  field  were  compared  with  differences  in  each  suspected  factor 
to  determine  if  any  general  pattern  was  evident. 

The  predictions  originally  performed  by  each  equipment  manufacturer 
utilized  a wide  variety  of  Government  sources  for  failure  rates  (MIL-HDBK- 
217,  MID-HDBK-217A,  FARAPA,  etc.),  as  well  as  failure  rates  based  on  the 
sellers'  own  field  experience.  Further , each  manufacturer  also  tended  to 
apply  his  own  ground  rules  when  making  predictions.  In  order  to  establish 
a common  baseline  for  each  of  the  selected  items,  new  predictions  of  the 
reliability  for  each  WRA  were  performed  using  the  same  sources  and  ground 
rules  for  each.  This  approach  provided  a consistent  comparison  of  pre- 
dictions with  reclassified  demonstrated  or  field  MTBF’s.  The  selected  tech- 
nique utilized  MIL-KDBK-217B  Coordination  Copy  (ref.  23) > since  this  re- 
presented the  most  current  information  available  at  the  time  and  would  prob- 
ably provide  closest  correlation  with  field  failure  rates. 

A standard  set  of  ground  rules  and  assumptions  were  established  where 
reference  23  did  not  include  failure  rates  for  certain  parts  included  in  this 
study.  It  should  be  noted  that  these  criteria  were  applied  to  all  of  the 
selected  equipments.  The  following  major  ground  rules  and  assumptions  were 
made : 

# In  several  instances  (capacitors  and  high  stress  ratio  di.ues), 
values  for  certain  parameters  (stress  ratio  vs.  temperature)  were 
of  a magnitude  not  available  from  the  curves.  The  RADC  Notebook 
(ref.  2k)  was  used  in  these  cases, 

e For  certain  parts  (e.g.,  mechanical  items),  MIL-irDBK-217 , Appendix 
II  was  used. 
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• Seller  failure  rates  were  utilized  in  those  few  instances  where  a 
device  was  considered  proprietary  by  a seller  and  no  information 
van  available. 

« The  application  factor  for  Group  I and  II  transistors  was  assumed  to 
be  linear  unless  the  device  was  used  as  a logic  switch. 

• Tiie  voltage  stress  for  Group  I Transistors  was  established  at  60# 
since  precise  stress  values  were  not  available. 

• Insert  material  for  connectors  was  assumed  to  be  Type  A unless  other- 
wise stated  or  Known  (coax). 

• Voltage  stress  ratios  for  Group  IV  dicles  were  defined  as  100#. 

« Unless  otherwise  known,  filter  configurations  were  assumed  to  be  Pi. 

• An  application  fuctor  of  2.0  was  assigned  to  "CY"  capacitors  having 
a capacitance  greater  than  10,000  PFD. 

• Hybrid  thin  film  equations  were  used  to  determine  failure  retes  of 
resisuor  networks. 

After  the  performance  of  this  analysis,  the  final  version  of  MIL-HDBK- 
21TB  (ref.  25)  was  released.  A review  of  that  document  indicated  significant 
differences  between  it  and  the  coordination  copy  but,  because  of  the  con- 
straints on  time  and  effort,  reprediction  of  the  reliabilities  using  the 
released  document  was  beyond  the  scope  of  the  contract.  Thus,  the  results 
of  the  analysis  presented  herein  as  based  on  the  prior  completed  pre- 

^ 1 .,4-  ^ 

U -1  V.  U 1V/WU  • 

The  reclassified  field  MTBF's  as  determined  in  Section  IV  were  the 
measures  of  field  reliability  used  for  this  analysis.  Table  3 of  Appendix  D, 
presents  the  repredicted  and  reclassified  field  NfFBF's  for  efch  WRA.  The 
laboratory  demonstrated  MTBF  for  each  WRA  are  also  included  for  comparative 
purposes . 

The  analysis  consisted  of  determining  the  ratio  between  the  repreclicted 
and  the  field  ICBF's  and  to  detemine  hew  these  calculated  ratios  were  dis- 
tributed among  the  categories  of  each  design  or  end-use  characteristic  in- 
vestigated. Two  excessively  large  ratios  (WRA's  92  &ud  9*0  were  eliminated 


from  the  analysis  as  being  inconsistent  with  the  rest  of  the  data.  The 
significant  relationships  between  the  average  MTBF  ratios  and  the  factors  in- 
vestigated is  presented  in  Table  27  and  the  conclusions  that  could  be  drawn, 
relative  to  prediction  technique  improvement,  are  presented  belcw.  No  signi- 
ficant relationship  was  found  for  weight,  packaging  density,  power  density  or. 
percent  microcircuits.  Since  the  MTBF  ratios  are  a function  of  a failure 
rate  source  document  that  is  now  suspect,  use  of  the  absolute  value  of  these 
ratios  is  limited.  If  the  changes  between  the  coordination  copy  and  the 
released  version  of  MIL-HDBK-217B  are  essentially  constant  for  each  WRA, 
then  the  relative  weight  of  each  category  of  a factor  is  preserved. 

Function : All  the  functions  had  approximately  the  same  average  ratio  with 

the  exception  of  Displays  and  Controls,  Electromechanical  Devices,  and 
Racks  and  Cabinets.  These  latter  three  functions  had  an  average  ratio  3 to 
h times  worse  than  the  other  functions  suggesting  the  following: 

- Displays  arid  Controls:  The  prediction  technique  does  not  make 

provision,  for  high  rates  of  ON/OFF  cycling,  cr  periodic  adjust- 
ments that  are  common  for  this  group.  Also,  the  potentiality  for 
greater  field  abuse  exists. 

- Electromechanical:  The  predictability  of  failure  rates  for  "low 

population-unique  design"  parts  (gyros,  gear  trains,  tape  drives, 
etc.)  that  make  up  this  group  is  always  subject  to  possible  error 
because  of  the  limited  data  base  upon  which  statistics  can  be 
calculated . 

- Racks  and  Cabinets : Connector  and  harness  failure  rates  should 

be,  reviewed.. 

Cooling  Method/Ml hpCltisa ; No  variation  with  MIL-Class  was  observed  which 
inrtf.cs.teK  that  the  prediction  technique  accuracy  is  not  affected  by  antici- 
pated temperature  altitude  environment.  let,  supplementally  cooled  WRA's 
have  closer  correlation  than  the  ambient  cooled  WRA's,  in  approximately  a 
5:9  reletionsMp.  This  suggests  that;  prediction  techniques  should  not  have 
environmental  factors  for  "airborne  inhabited"  and  "airborne  uninhabited" 
but  ret her , "airborne  supplement «lly  cooled"  and.  "airborne  ambient  cooled." 
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TABLE  27  AVERAGE  PREDIC  J’EP/FIELD  K.  EF  RATIOS  FOR  SELECTED  WAA 
DESIGN  AND ~ENP-U SE  CHARACTERISTICS 


Function 

Furr  tion 

Average 
MTBF  Ratio 

Receivers  and  Transmitters 

3.4 

Interface  Equipment 

3.5 

Computers 

3.5 

Power  Supply 

3.7 

Signal  Processing 

4.6 

Disnlays  <’ind  Controls 

12.9 

Electro-Mechanical 

13.9 

Racks  and  Cabinets 

15.4 

Cooling  Method 


Type  of 
Cooling 

Average 
MTBF  Ratio 

Suoplemental 

Ambient 

4.9 

8,8 

MIL  Class 
MIL  Class 


Aircraft  Proouls ion 
Aver 

I WTOf,'  T) 


average 
MTBF  Ratio 


* luycAAPI 

Jet 


Mounting  Method 


Type  of 
Mounting 


Number  of  Parts 


Quantity 

Average 
MTBF  Ratio 

Under  500 

11.0 

500  to  1000 

6.1 

1000  to  2500 

3.8 

Over  2500 

3.0 

^Predicted  MTBF/Field  MTHF 


High  Reliability  Parts 

% TX,  ER  Aver a/ 

or  Better  MTBF  Ral 

Under  20  8.5 

20  to  50  5.7 

Over  50  4.8 
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TABLE  27  AVERAGE  PRKUJCTKD/FIELD  MTBF  RATIOS  FOR  SELECTED  WRA 
DESIGN  AND  END-diSE  CHAR A CTERIOT1  cTTccInt' inued ') 


EX;.rn-]n  Hours  (Product ion  Units) 


Hours 

Average  ^ 
MTBF  Ratio 

Under  100 

8.1 

100  to  200 

5.8 

2UU  to  500 

5.4 

iiurn-In  Failures 


Number  of 

Average 

Failures 

MTBF  Ratio 

Under  0. 5 

8.9 

0.5  to  1.0 

4.5 

1.0  to  A,0 

.4.4 

Over  4,0 

1.8 

Hurn-In  Hours  (Production  Units)/ 
Predicted  KTBF 


Interval 

Average  ^ 
MTBF  Ratio 

Under  0.001 

47.2 

0.001  to  0.01 

9.3 

0.01  to  0.1 

5.6 

0.1  to  1.0 

2.8 

Over  1.0 

1.6 

)3urn-In  Psilures/NuunUer  of  Parts 


Interval 

" — — —■  ■ 

Average  # 
MTBF  Ratio 

Under  0.001 

4.8 

0.001  to  0.01 

10.2 

0.01  to  0.10 

33.3 

Uurn-In  Failures/ 


Expected  Failures 


Interval 

Average  # 
MTBF  Ratio 

Under  0,5 

6.0 

0.5  to  2.0 

1 8 

Over  2.0 

7.9 

^Predicted  KTBF/Field  KTBF 
**flurn-ln  Houre/Prodicted  KTBF 
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Propulsion  Type/Mounting  Method:  Approximately  the  same  lack  of  MTBF  agree- 

ment exists  regardless  of  the  propulsion  type.  An  8 to  5 difference  was 
observed  between  hard  and  isolator  mounted  WRA 'a.  This  suggests  the  need 
for  a "mounting"  factor  in  the  prediction. 

t 

Number  of  Parts:  The  correlation  improves  as  the  quantity  of  parts  in- 

creases. This  Just  suggests  that  any  inaccuracies  in  part  failure  rate  data 
get  averaged  out  when  the  part  population  is  large.  It  further  points  out 
the  pitfalls  in  making  a prediction  on  a WRA  that  has  a rather  small  parts 
population . 

Percent  High  Reliability  (TX  or  HR)  Parts:  The  greater  the  percentage  of 

MIL  or  lower  quality  grade  parts,  the  worse  the  correlation  between  pre- 
dicted and  field  MTBF's  suggesting  that  the  "quality  factors"  require 

expansion  over  a broader  range.  I 

Burn-In : If  one  again  (see  para.  5*2.3)  assumes  that  burn-in  failures  are 

proportional  to  the  emphasis  on  quality  issues  during  manufacture  and  are  . . 

also  a barometer  of  the  effectiveness  of  the  burn-in  test,  the  data  in-  i 

dicates  that  the  greater  the  emphasis  on  these  factors  the  better  the  . i 

i 

correlation  between  predicted  and  field  MTBF’s.  Further,  the  data  also  i 

indicates  the  longer  the  WRA  burn-in  test  duration  the  better  the  eorrela-  j 

tion,  as  would  be  expected.  The  reference  23  prediction  technique  require®  I 

that  the  "quality  factor"  used  to  adjust  the  base  failure  rate  be  determined  j 

by  Jointly  considering  part  quality  and  WRA  manufacturing  quality.  Perhaps  j 

some  inconsistency  is  introduced  by  this  approach  since  it  is  not  clear 

which  of  the  following  two  situatior.3  lias  the  higher  reliability:  j 

- high  quality  parts  witli  poor  manufacturing  quality  or  j 

- low  quality  parts  with  high  manufacturing  quality.  ! 
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SECTION  VIII 

CONCLUSIONS  AND  RECGMMENDAT I ON S 


8.1  CONCLUSIONS 

This  study  of  95  distinct  WRA*s  representing  a cross  section  of  avionic 
types  and  applications,  indicated  that  differences  between  laboratory  de- 
monstrated and  field  observed  reliability  is  attributable  to  a wide  variety 
of  factors.  Both  differences  in  data,  end-use  application,  and  environments 
between  the  laboratory  and  the  field  were  found  to  relate  to  reliability  -j 
differences . 

• Inconsistent  ground  rules  and  failure  scoring  criteria  account  for 
a significant  portion  of  the  difference  between  demonstrated  and 
field  MTBF's.  Anomolies  which  should  be  considered  comitable  are 
often  excluded  by  demonstration  test  ground  rules.  Current  military 
data  reporting  systems  lack  detail  in  describing  malfunctions , re- 
sulting in  counting  incidents  which  should  be  excluded. 


- Difficulties  in  collecting  WRA.  operating  time  data  results  in 
flight  time  being  used  as  the  time  base  for  field  MTBF  determi- 
nation. Demonstration  tests  use  operating  hours  as  the  time  base. 

\ 

- Reclassification  of  failures  (field  and  laboratory)  in  accordance 
with  study  developed  criteria  and  use  of  estimated  field  oper- 
ating time  resulted  in,  on  average: 

o 30^i  tc  deer  sane  in  demonstrated  value 

o lOOjo  increase  in  field  value 

• A substantial^  difference  in  reliability  remained  after  the  reclassi- 
fication. Fifty  percent  of  the  WRA's  studied  had  field  values  three 
times  lower  than  its  corresponding  demonstrated  value.  The  average 
ratio  between  demonstrated  and  field  MTBF ' s was  approximately  8.0. 

• WRA's  which  historically  have  had  more  design  effort  in  minimizing 
field  environmental  effects  (i.g.,  RF  equipment,  high  power  density) 
had  better  reliability  agreement . 
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• The  reliability  agreement  between  the  laboratory  and  the  field  was 
poorer  on  those  items  that  had  a potentiality  for  abuse  in  the  field 
(e.g.,  high  packaging  density,  displays  and  controls). 

• WRA's  having  relatively  large  microcircuit  or  "Hi  Rel"  part  com- 
plements had  better  demonstrated  to  field  reliability  agreement, 
thus  indicating  the  benefits  to  be  gained  by  using  these  parts, 

• Those  items  that  had  the  more  effective  burn-in  testing  on  pro- 
duction units  tended  to  have  the  better  reliability  agreement.  This 
indicates  the  necessity  for  adequately  specifying  a production  unit 
burn-in  both  in  duration  and  in  environmental  exposure. 

• Relationships  were  found  betveen  reliability  differences  and  several 
temperature  related  measures  for  ambient  cooled  WRA's,  including: 

- minimum  ambient  temperature 

- operating  time  at  low  temperature 

- maximum  ambient  temperature 

- temperature  rate  of  change 

indicating  that  the  current  MXL-STD-781  tests  of  only  requiring  dwells 
at  the  temperature  extremes  with  moderate  rates  of  change  between  the 
limits  is  not  an  adequate  test.  No  provisions  exist  for  evaluating 
the  item  under  conditions  of  rapid  and  frequent  temperature  cycling. 

« For  forced  air  cooled  WRA's.,  the  significant  temperature  related 
measures  included; 

- maximum  ambient  temperature 

- maximum  cooling  air  temperature 

- minimum  ambient  temperature 

- maximum  cooling  air  flow  rates 

- operating  time  at  low  temperature 

indicating  that  the  effects  of  field  typical  cooli.ig  air  parameter 
variations  are  never  evaluated  during  the  demonstration  test.  Further- 
more, the  effect  of  this  lack  of  variation  in  the  laboratory  is  to 
essentially  shield  the  article  from  any  temperature  effects. 
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• The  significant  relationships  between  vibration  measures  and  re- 
liability differences  included: 

- level 
duration 

indicating  that  the  MIL-3TD-781  vibration  test  of  requiring  10  minutes 
of  sinusoidal  vibration  each  hour  at  one  non-resonant  frequency  between 
P0-60  Hz  is  not  representative  of  the  field  environment.  The  test 
article  is  nevei'  exposed  to  those  frequencies  occurring  in  the  field, 
that  produce  failures.  The  vibration  test  duration  was  found  to  be 
a poor  representation  of  the  accummulated  field  vibration  time.  The 
lack  of  reliability  agreement  was  more  pronounced  in  WRA’s  installed  in 
Jet  aircraft  where  the  field  environment  is  random. 

• Moisture,  which  data  and  previous  experience  indicates  is  a major 
source  of  field  failure,  is  not 'a  test  requirement  of  MIL-STD-781 . 

• No  evidence  could  be  found  that  altitude  or  voltage  cycling,  as 

• independent  environments , significantly  contribute  to  field  problems. 

• Although  the  analysis  of  differences  between  predicted  and  field 
reliability  was  terminated  when  the  released  version  of  MTL-KD.BK-271B 
was  issued,  some  preliminary  observations  were  made; 

- reliability  differences  were  better  correlated  with  cooling 
method  than  MIL-Class 

- hard  mounted  WliA's  had  poorer  agreement  than  vibration  isolated 


items 

displays  and  controls,  as  a functional  group,  had  poor  agreement 
(OH/OFF  cycling  not  properly  accounted  for  in  prediction  tech- 
ni que) 

WFA's  with  low  parts  population  or  specialized  unique  design 
components  had  poor  agreement  (small  data  base) 

WRA's  with  a proportionately  large  quantity  of  Hi  Fiel  parts  had 
the  better  correlation  (suspect  "quality  fetors") 
the  more  effective  WRA  burn-in  test,  as  measured  by  duration  and 
number  of  failures  detected,  resulted  in  closer  prediction  to 
field  reliability  agreement 
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8.2  RECOMMENDATIONS 


The  results  and  conclusions  of  the  study  suggest  several  general  areas 
of  improvement  for  assuring  future  closer  agreement  between  demonstrated  and 
field  reliability.  These  include: 

« Revision  of  the  demonstration  test  temperature  profile  and  method  of 
profile  construction  as  described  in  paragraph  6.2.  This  would 
feature : 

- mission  profile  orientation 

- variations  in  chamber  temperatures  as  a function  of  changes  in 
flight  conditions  and  thus  approximating  compartment  temperatures 
and  exposing  the  item  to  more  temperature  cycling 

- periodic  dwells  at  temperature  extremes  to  simulate  non-operating 
conditions 

* maximum  pemissable  variation  in  cooling  air  temperature  and  flow 
rates 

- coupling  of  cooling  air  variations  with  chamber  temperature 
variations 

- temperature  rates  of  change  equal  to  flight  levels 

- equipment  ON/OFF  schedule  designed  to  assure  that  internal  com- 
ponents are  properly  exposed  to  temperature  variations 

* Revision  of  the  demonstration  test  vibration  profiles  as  described 
in  paragraph  6,'J.  This  would  feature: 

- random  vibration  for  items  installed  in  jet  aircraft 

- sinusoidal  sweeps  for  items  installed  in  propeller  driven  aircraft 

- exposure  to  all  Input  frequencies  up  to  2000  Hz 

- levels  to  approximate  those  experienced  in  the  field 

- increased  duration  to  more  adequately  reflect  aecuwnulated 
flight  time 

0 Inclusion  of  a humidity  test,  as  described  in  paragraph  6.2,  to 
periodically  evaluate  the  effects  of  moisture  during  the  demonstr- 
tion. 
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• Incorporation  of  precisely  defined  failure  criteria  and  scoring 
ground  rules  as  described  in  paragraph  h.P.2,  These  should,  clearly 
describe  those  anomolios  to  he  considered  relevent  and  non-relevent. 
a:;  well  a:-,  provide  the  minimum  conditions  lor  reclassifying  a 
relevent  failure  as  non-relevent.  A strong  recommendation  is  made 
that  procuring  activities  critically  review  and  evaluate  failure 
exclusion  groundrules  in  accordance  with  the  ultimate  application 
of  the  hardware  in  the  field. 

• Experience  and  the  study  data  have  indicated  the  positive  benefits 
derived  from  requiring  a strong  end-item  burn-in  test.  This  test 
should  be  required  of  all  future  procurements  and  include: 

- adequate  environmental  exposure  (temperature  and  vibration) 

- sufficient  duration  to  screen  out  most  workmanship  failures 

• The  prediction  technique  should  be  reviewed  with  the  objective  to- 
wards adding  or  changing  some  of  the  modifying  factors.  These  in- 
clude : 

- replace  "habitation"  factor  with  "cooling  method"  factor 

- include  a "mounting  method"  factor 

- review  numerical  relationship  among  the  quality  grades  to 
modify  the  "quality"  factor 

include  an  "end-item  quality  assurance"  factor 
AREAS  FOR  FUTURE  INVEST  1 GAT CM 

9 The  temperature  profiles  developed  herein  are  a.ypli cable  to  MIL-E- 
5^00  Class  I and  Class  II  equipments.  Although  these  are  the  most 
prevalent  classes  of  avionic  equipment,  temperature  profiles  for 
the  applications  not  covered  in  the  study  should  be  developed  for 
completeness , 

• The  present  MIL-STD-78.1  test  procedure  requires  vibration  testing  in 
a single  axis.  Generally,  the  vertical  axis  has  been  the  one  used; 
yet,  this  is  not  necessarily  the  most  critical  one.  Three  axis 
testing  might  be  preferred  since  the  unit  potentially  experiences 
vibration  in  all  three  axes  in  the  field.  However,  this  would 


result  in  additional  cost  and  testing  complexity.  A study  should 
be  undertaken  t.c  investigate:  the  necessity  for  multiaxis  testing, 

rules  for  determining  the  best  single  axis  test,  and  the  feasibility 
of  "resultant  axis"  testing.  In  resultant  axis  testing  the  equip- 
ment is  oriented  such  that  when  vibration  is  applied  along  the  input 
axis  the  equipment  experiences  simultaneous  excitations  in  three 
mutually  perpendicular  planes, 

• The  vibration  profiles  developed  in  this  study  are  only  applicable 
to  internally  mounted  equipment.  No  profiles  were  developed  for 
external  or  surface  mounted  equipment  since  it  was  felt  that  each 
case  had  to  be  evaluated  separately.  An  investigation  should  be 
conducted  to  determine  if  sufficient  generalisations  in  terms  of 
engine  characteristics,  profiles,  and  aircraft  structure  can  be  made 
to  develop  a set  of  vibration  profile  recommendations  for  these 
items. 

• The  approach  to  development  of  the  profiles  presupposes  that  the 

intended  end-use  application  is  known.  In  order  to  use  these  pro- 
files, one  has  to  know:  the  aircraft,  mission  profile,  location  of 

the  unit,  etc.  Profile  recommendations  need  to  be  developed  for 
those  items  where  this  information  is  not  known  or  the  unit  is  in- 
tended for  sever al  aircraft  applications  (e.g.,  GFE). 

« A test  program  should  be  conducted  or.  a representative  sample  to 
demonstrate  the  effectiveness  of  the  recommended  profiles. 

• A draft  revision  to  MIL~8Tu-78l  which  incorporates  the  study  results 
should  be  written. 

• This  study  addressed  itself  to  testing  WRA's  or  single  unit  systems. 
It  was  recommended  that  system  .level  testing  bs  continued,  as  in  the 
past,  on  those  equipments  containing  more  than  one  WRA,  Although 
testing  alternatives  were  presented,  no  guidance  could  be  offered 
for  those  situations  where  each  WRA  requires  a different  test  level. 
It  was  argued  that  each  such  situation  should  be  considered  on  its 
own  and  its  alternate  solution  would  depend  on  the  trade-offs  among 
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cost,  schedules,  number  of  different  test  combinations,  criticality, 
etc.  It  is  recommended  that  a study  be  performed  to  identify  the 
elements  to  be  considered,  the  relationships  and  the  logic  flow  for 
such  trade-off  analyses. 

• The  study  identified  the  need  for  including  a "quality  assurance" 
factor  in  the  prediction  technique.  This  would  be  independent  of 
the  "parts  quality"  factor  and  world  represent  the  emphasis  placed 
on  quality  issues  during  end-item  assembly  and  test.  A study  should 
be  conducted  to  develop  the  approach  for  determining,  and  specific 
values  of,  this  factor, 

• This  study  indicated  the  beneficial  results  associated  with  a strong 
end-item  bum-in  test.  In  addition,  the  data  suggested  a method  by 
which  the  duration  of  such  a test  could  be  specified.  A study  to 
establish  the  methodology  for  determining  burn-in  requirements, 
l.e.,  environments,  criteria,  and  duration,  should  be  undertaken. 

• The  study  identified  the  difficulties  associated  with  establishing 
demonstration  test  requirements  on  a subsystem  level  where  WRA's 
are  subject  to  different  environments.  Since  the  successful 
completion  of  an  environmental  qualification  test  is  a precursor 
to  the  demonstration  test,  the  results  of  the  qualification  could 
conceivably  be  used  as  an  aid  in  determining  demonstrati  on  levels. 

A study  should  be  conducted  to  determine  how  one  might  capitalize 
on  qualification  results  and/or  modify  qualification  tests  for 
special  situations  to  complement  the  demonstration, 

5 This  study  recommends  the  inclusion  of  a humidity  exposure. 

Current  laboratory  practices  prohibit  the  introduction  of  corrosive 
a id/or  conductive  contaminants.  This  method  does  not  produce  an 
exposure  which  is  completely  analogous  to  that  experienced  in  the 
field  since  it  precludes  the  introduction  of  dissolvable  minerals. 

It  is  recommended  that  a study  be  performed  to  develop  a procedure 
to  include  the  introduction  of  field  representative  quantities 
and  distribution  of  dissolvable  minerals  prior  to  or  during  the 
humidity  exposure. 
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The  fol.loivj.iryi  paragraphs  provide  a brief  description  of  each  WRA 
included  in  the  study.  Infomatlon  regarding  the  function,  configuration, 
construction,  cooling  method,  mounting  method,  and  location  is  generally 
• provided  to  give  the  reader  an  insight  into  the  type  and  variety  of  WRA's 
selected.  The  WRA '(*  are  presented  by  major  functional  grouping,  i.e.,  data 
processing,  RF  receiving  and  tranmaiaeion,  etc. 
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RFJi/T  - WRA'r  which  either  transmit  or  receive  RF  signals  are  included  in 
thic  group! tig. 

WRA  No,  1 is  an  RF  receiver  arid  is  located,  in  the  upper  left-hand 
shelf  of  the  aft  equipment  buy  structure.  Two  bolts  in  the  front  and  two 
spring  loaded  alignment  pins  in  the  rear  provide  a rigid  mounting  for  the 
assembly.  All  fuses,  connectors  arid  an  elapsed-time  meter  are  on  the  front 
panel.  IX; ring  normal  operation,  cooling  air  is  scooped  into  the  rear  air 
inlet  and  fed  out  the  front  exhaust  to  maintain  a proper  operating 
temperature . 

WRA  No.  2 is  an  RF  transmitter  consisting  of  19  oil-cooled  ceramic 
tetrodes  operated  as  a class  A distribution  amplifier.  They  are  divided 
into  driver,  intermediate  and  final  stages  which  amplify  the  output  of  the 
control  to  the  proper  level  for  transmission.  There  are  four  basic  modes 
of  operation  and,  depending  upon  the  mode  selected,  various  sub-modes  and 
routines, 

WRA  No.  3 is  an  RF  receiver.  The  unit  is  functionally  subdivided  into 
three  parts;  transmitting,  search  receiving,  and  terrain  clearance  re- 
ceiving. The  unit  is  located  in  the  nose  of  the  fuselage  and  is  accessible 
by  raising  the  fiber  glass  radome.  It  is  ambient  cooled  and  hard  mounted. 

WRA  No,  U is  an  RF'  receiver  and  is  housed  in  the  upper  right  portion 
of  the  aft  equipment  bay  structure.  Two  bolts  In  the  front  and  two  spring- 
loaded  alignment  pins  on  the  rear  provide  a rigid  mounting  for  the  assembly. 
Ail  fuses,  connectors,  aril  an  elapsed  time  meter  are  on  the  front  panel. 
During  normal  operation,  cooling  air  is  scooped  into  the  rear  air  inlet  and 
is  fed  out  the  front  exhaust  to  maintain  a proper  operating  temperature. 

WRA  No.  b is  on  RF  receiver  and  is  located  in  the  left  wing  fillet. 

The  receiver  has  u metal  case  with  three  electrical  and  six  coaxial 
connectors.  An  elapsed-time  indicator  is  visible  on  the  front  of  the 
receiver  unit.  It  is  hard  mounted  and  ambient  cooled. 

WRA  No.  6 is  an  RF'  receiver  and  is  housed  in  the  forward  portion  of 
the  receiver  compartment . Four  bolts  in  the  front  and  two  spring-loaded 
alignment  pins  in  the  rear  provide  a rigid  mounting  for  the  assembly. 
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All  fuses,  connectors,  and  an  elapsed-time  meter  are  on  the  front  panel. 
During  normal  operation,  cooling  air  is  scooped,  into  the  rear  air  inlet 
and  is  fed  out  the  front  exhaust  to  maintain  a proper  operating  temperature, 

WBA  No.  7 is  an  HI  transmitter  located  in  the  fuselage?  nose,  which 
provides  continuously  adjustable  high-energy  pulses  of  selectable  width 
and  repetition  rate.  The  unit  contains  13  removaole  assemblies  and  three 
harness  assemblies  with  Integral  filters,  connectors,  and  relay  circuitry. 

It  consists  of  two  separate  cast  aluminum  rectangular  housings  secured 
together  to  provide  a single  unit,  and  four  shock  mounts  provi.de  for 
installation  in  the  aircraft.  Forced  air  is  required,  for  proper  cooling. 

The  forced  air  is  applied  to  an  intake  opening  in  the  bottom  of  the  housing, 
circulated  past  four  heat-exchanger  plates,  and  exhausted  through  vents  on 
the  top  of  the  housing.  Nitrogen  or  dry  air  is  required  for  proper 
pressurization. 

WBA  No.  8 is  an  RF  transmitter  consisting  of  19  oil-cooled  ceramic 
tetrodes  operated  as  a class  A distribution  amplifier.  They  are  divided 
into  driver,  intermediate  and  final  stages  which  amplify  the  output  of  the 
Control  to  the  proper  level  for  transmission.  There  are  four  basic  modes 
of  operation  and  depending  upon  the  mode  selected,  various  sub-modes  and 
routines. 

WBA  No.  9 i*"  an  RF  receiver- transmit  ter,  located  In  an  equipment  bay, 
that  is  capable  of  receiving  and  transmitting  voice  and  data.  The  unit  is 
housed  in  a 1/2-ATR  case  with  the  right  side  cover  removable  for  module 
accessibility.  All  modules  interconnect  through  a printed  circuit  side- 
board which  also  contains  a terminal,  field  for  soft  wire  interconnection 
to  the  I/O  connector.  The  receiver-transmitter  contains  mechanical  filters, 
crystal  filters,  and  wide  dynamic  range  front-end  circuits  that  provide 
rejection  of  strong  adjacent  channel  signals, 

WRA  No.  10  Is  an  RF  receiver  and  it.  housed  in  the  forward  portion  of 
the  receiver  compartment.  Four  bolts  in  the  front  and  two  spring-loaded 
alignment  pins  in  the  rear  provide  a rigid  mounting  for  the  assembly.  All 
fuses,  connectors,  and  an  elapsed  time  meter  are  on  the  front  panel.  During 
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normal  .operation,  cooling  air  is  scooped  into  the  rear  air  inlet  and  is 
fed  out  the  front  exhaust  to  maintain  a proper  operating  temperature. 

Signal  Processing  - Items  which  deal  directly  with  electronic  signals, 
l.e.,  processing,  modulation,  amplification,  attenuation  or  filtering, 
comprise  this  group. 

WRA's  Nos.  11  and  12  are  signal  processing  units  that  decode  firing 
signals.  Each  unit  contains  two  printed  circuit  cards  hard  wired  to  each 
other  end  an  interface  connector.  Most  of  these  units  are  hard  mounted  to 
a weapons  rail, 

WRA  No,  13  is  a signal  data  converter  which  provides  timing  pulses. 

In  addition,  the  unit  processes  the  RF  returns  for  presentation  by  various 
displays.  It  is  housed  in  an  aluminum  case  with  four  mounting  brackets  and 
a carrying  handle.  Six  electrical  connectors  and  an  elapsed-time  meter  are 
on  a connector  panel  at  one  end  of  the  unit.  The  unit  is  located  in  the 
nose, 

WRA  No.  1^  is  a signal  processor  which  generates  pulsed  outputs  in 
response  to  an  input.  The  unit  consists  of  a single  equipment  cabinet, 
hard  mounted  in  a frame  enclosure  in  the  fuselage  equipment  bay.  Cooling 
is  provided  by  controlled  forced  air  from  a vapor  cycle  system.  Various 
connectors,  controls  and  an  elapsed  time  meter  are  located  on  the  cabinet's 
front  panel . 

WRA  No,  15  combines  R7  inputs,  from  various  units  into  one  signal  repre- 
senting the  sum  of  the  inputs,  and  applies  this  combined  signal  for  further 
processing.  The  unit  is  hard  mounted  on  the  fuselage  top  deck  and  is 
ambient  cooled. 

WRA  No,  16  is  a network  which  suppresses  transients  in  the  115  vac  and 
26  vdc  aircraft  power  lines.  The  network  is  mounted  in  the  nose  of  the 
aircraft , 

WRA  No.  17  is  a comparator-converter  which  receives  and  processes 
video  signals.  It  is  housed  in  the  lower  right-hand  corner  of  the  aft 
equipment  bay  structure.  The  assembly  is  secured  in  place  by  two  spring- 
loaded  alignment  pins  at  the  rear  and  by  two  boltB  in  the  front  which 
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attach  to  the  aft  equipment  bay  structure.  An  elapsed  time  meter,  cable 
connector,  and  fuses  are  mounted  on  the  front  panel  of  the  assembly.  Dur- 
ing normal  operation,  cooling  air  is  scooped  into  the  rear  air  inlet  and 
is  fed  out  the  front  exhaust  to  maintain  a proper  operating  temperature. 

WRA  No.  18  is  a unit  that  splits  a combined  signal  sample  into  six 
signals  of  equal  magnitude  and  applies  these  signals  to  various  receivers. 
The  unit  is  mounted  in  the  tail  fin  area  of  the  aircraft  and  is  ambient 
cooled. 

WRA  No.  10  is  a control  unit  used  to  provide  an  RF  drive  corresponding 
to  the  assigned  frequency  of  either  of  two  transmitters.  An  RF  sample  of 
the  carrier  frequency  produced  is  sent  to  other  subsystems  for  sample  dis- 
play. A BIT  feature  is  included  to  self  test  the  unit.  The  unit  is  cooled 
by  liquid  circulated  within  a heat  exchanger.  The  exchanger  is  cooled  by 
external  air. 

WRA  No.  20  is  a signal  processor  containing  receiver,  gate  and  logic 
channels,  a BITE  network  and  a power  supply.  The  unit  is  hard  mounted  in 
the  right  forward  equipment  bay  and  is  coded  by  an  internal  fan, 

WRA  No,  21  is  a 3-pole  bandpass  filter  that  is  tunable  in  four  bands. 
The  filter  provides  front-end  protection  to  the  receiver-transmitter  from 
strong  off-frequency  signals  and  also  provides  selectivity  for  the  receiver- 
transmitter.  It  is  housed  in  a 1/4-ATR  (short)  case  and  contains  four  plug- 
in printed  circuit  card  assemblies.  The  unit  is  completely  solid  state  and 
no  special  cooling  is  required.  It  la  located  in  an  equipment  bay . 

WRA  No.  22  is  a broad  band  filter  assembly  and  is  located  within  the 
aircraft  wing.  It  is  housed  in  a metal  case  with  two  electrical  connectors 
and  six  coaxial  connectors.  It  is  hard  mounted  and  ambient  cooled. 

Interfaces  - Devices  which  act  as  interfaces.  Junction  boxes,  couplers  and 
converters  make  up  this  category. 

WRA  No.  23  is  a display/converter  which  functions  as  the  interface  be- 
tween a computer  and  indicator  and  display  units.  It  is  forced  air  cooled 
and  isolator  mounted.  It  is  located  in  the  fuselage. 
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WRA  No.  2U  is  an  analog-digital  converter  and  serves  as  the  interface 
between  a computer  and  analog^'data  de/ices.  The  unit  contains  39  plug-in 
printed  circuit  enras,  which  are  held  in  place  by  tie-down  bars*  To  enable 
cooling  of  electronic  components,  large  areas  of  copper  extend  outward  from 
the  piug-in  printed  circuit  cards.  Heat  transfers  from  the  components  to 
the  copper  pad  and  ultimately  to  the  chassis  walls.  The  front  panel  of  the 
unit  contains  controls,  indicators,  and  seven  operational  connectors.  It 
is  located  in  the  fuselage  behind  the  cockpit. 

WRA.  No.  25  in  an  interface  box  which  provides  for  common  distribution 
and  preprocessing  of  signals  for  various  displays  and  controls.  Lamp-driver 
circuits  provide  for  illumination  of  legend  indicators  on  the  BIT  Control, 
and  dc  outputs  are  provided  for  assemblies  in  the  cockpit.  This  unit  is 
located  in  the  cockpit  and  is  secured  in  place  by  two  bolts  which  pass 
through  a mounting  structure  at  the  front  and  two  holes  at  the  rear  which 
mate  with  tapered  locating  pins, 

WRA  No.  26  is  a converter  which  functions  as  the  interface  unit  for 
control,  data  transmission,  data  storage,  and  navigation  parameter  display 
between  a computer  and  navigation  equipment.  The  unit  is  isolator  mounted 
and  receives  supplemental  cooling  air.  It  is  located  in  the  fuselage 
equipment  bay. 

WRA  No.  27  is  a control  interface  unit  and  is  part  of  a computer  set. 

It  provides  the  controls,  displays  and  circuitry  required  to  enter  and 
transfer  data,  control  computer  operating  modes,  and  control  radar  cursors. 
The  unit  consists  of  three  removable  subassemblies.  Forced  air  cooling  is 
supplied  through  a vertical  air  inlet  manifold.  It  is  located  in  the 
cockpit . 

WRA  No.  28  is  an  interface  unit  which  provides  an  interface  between  a 
computer  and  the  aircraft  navigation  system.  The  computer  interface  is 
locuted  in  the  aft  equipment  bay  structure.  It  is  secured  in  place  by  two 
drilled  mounting  plates  at  the  front,  and  two  alignment  pin  sockets  at  the 
rear.  Signal  connectors,  power  connectors,  fuses,  and  an  elapsed  time 
meter  are  located  on  the  front  panel,  and  a test  connector  is  located  at 


the  rear.  Cooling  air  is  circulated  through  the  assembly  via  four  inlet 
ports  at  the  rear  and  four  exhaust  ports  at  the  front. 

WRA  No.  R9  is  interface  unit  which  provides  the  capability  of  com- 
munications between  digital  data  equipment  over  a radio  link.  The  unit 
converts  binary  information  to  a phase-encoded  audio  format  suitable  for 
hf  or  uhf  radio  transmission  and  vice  versa.  A card  cage  within  the  case 
supports  up  to  30  perpendicularly  mounted  plug-in  circuit  cards.  Cooling 
of  the  data  terminal  is  accomplished  using  forced-air  cold-plate  techniques. 

It  is  located  in  the  equipment  bay.  I 

WRA  No.  30  is  an  interface  unit  which  provides  computer  data  for  air- 
craft radar  operation.  The  equipment  receives  selected  video  and  all  re-  f 

quired  range  and  azimuth  timing  signals  to  digitally  process  the  video  into  j 

computer  data.  The  unit  is  housed  in  a rectangular  aluminum  case  that  is  j 

i 

locked  in  place  by  two  latch  sets.  Cold  plate  heat  exchangers  are  utilized  j 

1 

with  forced-air  cooling  to  satisfy  the  cooling  requirements.  The  unit  is  j 

located  in  the  aircraft  nose.  i 

i 

j 

WRA  No.  31  is  an  interface  box  which  provides  distribution  and  pre-  j 

processing  of  signals  for  video  displays  and  for  audio  signals.  This  unit  1 

Is  located  In  the  aft  cockpit  and  it  is  secured  in  place  by  two  bolts  which  j 

j 

pass  through  a mounting  structure  at  the  front  and  two  holes  at  the  rear  1 

which  mate  with  tapered  locating  pins.  Except  for  the  elapsed  time  meter  j 

at  the  front  of  the  assembly,  there  are  no  controls  or  indicators.  External  ! 

connectors  are  located  at  the  front  top.  ■■ 

WRA  I/o,  i'd  is  a converter  which  acts  in  an  interface  capacity  between 
a computer  and  data  links.  It  is  located  in  the  fuselage  equipment  bay 
and  requires  forced  cooling  air. 

WRA  No.  33  is  a high-speed,  automatically  tuned  hf  antenna  coupler 
that  transforms  the  complex  impedance  of  the  antennas  to  a value  that  is 
suitable  as  a load  for  a power  amplifier.  The  unit  is  housed  in  a 3/^-ATR 
case  and  contains  12  removable  modules.  The  modules  are  printed  circuit  | 

cards  and  modularized  assemblies.  The  WRA  is  forced-air  ambient  cooled  by  j 

a blower  and  is  located  in  an  equipment  bay.  | 
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WRA  No.  3J<  is  an  interface  unit  which  provides  signal  data  interface 
control  within  a computer  group  between  the  processor,  computer  control, 
and  tape  recorder.  It  is  forced  air  cooled  and  isolator  mounted  within 
the  fuselage  equipment  bay. 

WRA  No.  35  is  an  interface  unit  which  accepts  synchro  signals  from 
various  electromechanical  sensors  and  supplies  compatible  synchro  outputs 
to  other  requiring  systems.  The  WRA  consists  of  three  modules  and  a self 
test  assembly  contained  within  a frame.  The  unit  is  hard  mounted  in  the 
aft  equipment  bay  and  is  ambient  cooled, 

WRA  No.  36  is  an  antenna  interface  unit  which  generates  the  appropriate 
interlocks  required  for  system  and  antenna  protection.  The  unit  is  housed 
in  a 1/4-ATR  case  and  contains  four  plug-in  printed  circuit  card  assemblies. 
The  unit  is  isolator  mounted  and  .requires  no  supplemental  cooling  air.  It 
is  mounted  in  the  equipment  bay. 

Data  Processing  - This  category  includes  items  which  perform  conputatlonal 
(aritlimetic)  and  similar  functions, 

WRA  No.  37  is  a general-purpose  digital  computer,  which  processes  real- 
time centre!  applications.  In  these  applications,  bombing  and  navigational 
computations  are  made  based  upon  stored  and  computed  flight  data.  Compre- 
hensive self-test  features  are  built,  into  the  computer  to  assist  in  fault 
isolation.  The  exterior  structure  provides  cooliig,  interface  connection, 
and  electromagnetic  shielding.  The  unit  is  mounted  in  the  cockpit, 

WRA ’ a No,  38,  39,  and  40  are  computers  which  generate  roll,  pitch,  and 
yaw  control  surface  commands  respectively.  Each  unit  is  housed  in  a struc- 
tural box  assembly  and  the  two  main  structural  members  provide  the  mounting 
for  all.  circuit  board  connectors.  Electronic  components  within  each  com- 
puter are  mounted  on  circuit  boards  accessible  through  the  top  cover.  They 
are  all  located  in  the  equipment  bays. 

WRA 's  No.  4l,  4 2,  and  43  are  three  types  of  arithmetic  and  control  as- 
semblies that  act  collectively  as  a central  processor  unit  and  perform  five 
control  functions:  instruction,  arithmetic,  memory,  program  level  and 
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input/output.  They  are  forced  air  cooled  and  isolator  mounted  and  are 
located  in  the  fuselage, 

WRA  No.  Mi  in  u computer  consisting  of  various  generator  and  detector 
circuits,  BITE  circuits  and  a power  supply.  The  unit  is  hard  mounted  with- 
in the  wing  and  is  cooled  by  an  internal  fan.  Ten  electrical  connectors, 
one  cooling  air  intake  screen,  an  elapsed  time  indicator  and  an  overheat 
indicator  - reset  button  are  on  the  unit's  front  panel. 

WRA  No.  45  is  a computer  which  generates  coded  signals  in  response  to 
specific  inputs.  It  is  housed  in  a cabinet  which  is  hard  mounted  to  a 
frame  type  enclosure  in  the  fuselage  equipment  bay.  Forced  air  cooling  is 
provided  by  controlled  ajr  from  a vapor  cycle  system.  Various  connectors, 
controls  and  an  elapsed  time  meter  are  located  on  the  front  panel  of  the 
cabinet. 

WRA.  No.  46  is  a navigation  computer  that  interfaces  between  various 
navigation  subsystems  and  auxiliary  equipment.  It  consists  of  an  analog- 
to-digital- to -analog  converter  and  a miniature  general-purpose  computer. 

The  unit  is  located  in  an  unpressurized  equipment  bay  and  is  forced  air 
cooled. 

WRA  No.  47  is  a core  memory  assembly  which  consists  of  a-  destructive 
readout,  coincident  current,  core  stack  assembly  and  a memory  selector. 

The  memory  selectors  contain  the  necessary  circuits  for  addressing  the 
memories  and  for  providing  access  by  two  central  processors  on  a time- 
sharing basis,  Tlie  unit  is  forced  air  cooled  and  isolator  mounted.  It  is 
located  in  an  equipment  bay. 

WRA  No.  48  is  a processor  which  processes  data  inputs  from  other  air- 
craft systems  for  display.  Based  on  the  mode  selected  and  navigation  sub- 
mode selected  the  processor  sets  the  appropriate  priority  for  each  indica- 
tor and  generates  deflection  signals  necessary  for  display  of  required  data. 
The  unit  is  forced  air  cooled  and  isolator  mounted  and  is  located  in  an 
equipment  bay,  t ^ 

WRA  No.  49  is  a computer  containing  a power  supply  and  a memory  which 
operates  in  various  modes.  The  unit  is  housed  in  a single  cabinet  which  is 
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hard  mounted  to  a frame  enclosure  located  in  the  fuselage  equipment  bay. 
Cooling  is  provided  by  forced  air  from  the  aircraft's  vapor  cycle  system. 

A temperature  sensing  switch  is  located  on  the  top  panel  of  the  cabinet. 

VhtA  No.  ^0  is  a combined  interface  and  processor  unit  which  together 
form  a stored  program,  parallel,  binary  computer  whose  purpose  is  to  re- 
ceive data  inputs,  process  these  inputs  with  programmed  routines  and  provide 
capability  for  display  and  return  of  processed  data.  It  is  located  in  the 
aft  equipment  bay  structure  and  is  forced  air  cooled. 

WRA  No.  51  is  an  air  data  computer  which  computes  true  air  speed,  im- 
pact pressure  and  altitude  from  static  and  total  pressure  supplied  by  the 
pitot  static  system.  These  computed  quantities  are  supplied  upon  request 
to  various  components.  The  unit  is  fully  automatic  and  is  completely  solid 
state.  It  consists  of  16  printed  circuit  cards  which  plug  into  a mother 
board  mounted  to  the  chassis. 

VJRA  No.  52  is  a IK  c oincident- current , random  access-type  memory  whose 
function  is  to  refresh  the  symbols  for  three  independently  operated  indica- 
tors. It  is  located  in  the  fuselage  equipment  bay  and  requires  forced  air 
cooling. 

j 

Indicators  and  Controls  - Video  display,  control  and  personnel  indication 
functions  located  in  the  aircrew  compartment  are  included  in  this  category. 

WRA  No.  53  is  a flight  control  panel  consisting  of  switches  and  cir- 
cuitry which  permit  engagement  of  stability  augmentation  or  autopilot  flight 
modes.  The  unit  consists  of  a flat,  machined  aluminum  plate  to  which  the 
connector  bracket,  switches  and  electroluminescent  panel  are  attached.  The 
case  Is  an  aluminum  can  which  fastens  to  the  panel  with  four  screws, 

WRA  No.  is  an  indicator  which  provides  alphanumeric  and  indicator 
light  presentations.  The  unit  is  located  in  the  cockpit  at  the  operator 
console,  and  is  supported  by  owo  mounting  pins  at  the  rear  and  eight  quar- 
ter-turn fasteners  on  the  front  panel.  All  indicators  are  located  on  the 
front  panel  and  all  connectors  and  elapsed  time  meter  are  located  at  the 
rear. 
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VTRA  No.  55  is  an  indicator  which  provides  computer  readouts  and  con- 
trols. To  perform  its  various  functions,  tills  unit  provides  manual  display- 
mode  control  of  computer  data,  display  of  system  advisory  flight  and  naviga- 
tion data,  and  manual  control  of  magnetic  variation  and  display  of  magnetic 
variation  data, 

WRA  No.  56  is  an  equipment  which  provides  the  operator  with  controls 
necessary  to  apply  power  to  various  assemblies  and  to  select  modes  of  opera- 
tion. The  control  is  located  in  the  cockpit  at  the  operator  console.  The 
assembly  is  secured  in  place  by  four  quarter-turn  fasteners  on  the  front 
panel.  All  operating  controls  are  mounted  on  the  front  panel  and  all 
external  connectors  are  located  at  the  rear. 

WRA  No.  57  is  a stick  grip  assembly  which  provides  for  control  of  the 
flight  surfaces.  It  consists  of  a grip  assembly,  strain  gage  and  connector 
assembly,  electronic  assembly  and  housing  assembly.  The  electronic  assembly 
consists  of  four  amplifiers  soldered  to  a flexible  printed  tape  which  ter- 
minates at  a terminal  board.  The  housing  assembly  supports  an  emergency 
disengage  lever  and  switches, 

WRA  No,  58  is  a unit  which  provides  the  operator  with  the  controls 
necessary  for  operating  various  RF  receivers.  The  control  is  located  at 
the  operator  console,  and  is  secured  in  place  by  five  quarter-turn  fasteners 
on  the  front  panel . All  operating  controls  are  located  on  the  front  panel 
and  ell  connectors  are  located  at  the  rear. 


WnA  no.  py  is  a Control  panel  for  an  firmament  system.  The  panel  con- 
tains the  controls  and  indicators  required  to  monitor  and  control  the  selec- 
tion of  stores,  attack  modes,  and  release  modes.  Lifting  handles  are  pro- 
vided on  the  front  face,  top  and  rear.  Operating  controls  are  on  the  front 
panel;  a total  time  meter  is  provided  on  the  rear  face  of  the  panel. 

WRA  No.  60  is  a control  which  provides  the  operators  with  the  means 
necessary  to  operate  various  RF  receivers.  The  'unit  is  located  at  the  oper- 
ator console,  is  secured  in  place  by  3ix  quarter-turn  fasteners  on  the  front 
panel.  Al.l  operating  controls  are  mounted  on  the  front  panel  and  all  ex- 
ternal connectors  are  at  the  rear. 


219 


WRA  No.  Cl  is  a horizontal  situation  display.  The  display  consists  of 
a CRT  providing  an  approximately  five-inch  in  diameter  display  format.  It 
provider-  a horizontal  PP1  or  horizontal  plan  display  an,  well  as  line  written 
symbols . Tlir  unit  is  fan  cooled. 

WR A No.  62  is  a BIT  Control  which  provides  the  operator  with  the  con- 
trols and  indicators  necessary  to  initiate  and  monitor  the  system  built-in- 
test  sequence.  The  sequence  of  BIT  testing  allows  the  operator  to  isolate 
a malfunction  to  an  assembly. 

WRA  No.  63  is  a control  converter  and  is  utilized  in  the  system  for 
control  configuration  of  a data  terminal  set.  The  unit  is  comprised  to  two 
plug-in/bolt-in  printed  circuit  assemblies  and  the  main  chassis.  Access  to 
the  internal  circuitry  of  the  control  is  provided  by  means  of  a.  removable 
dust  cover. 

WRA  No.  6U  is  an  indicator  which  provides  the  operator  with  an  indica- 
tion of  current  system  status.  It  contains  10  legend  indicators.,  The  unit 
is  located  on  the  operator's  console,  and  is  secured  in  place  by  four  quar- 
ter-turn fasteners  on  the  front  panel.  All  operating  indicators  are  lo- 
cated on  the  front  panel,  and  all  connectors  are  located  at  the  rear. 

WRA  No.  6^  is  a display  vhich  presents  navigational  and  other  data  to 
the  flight  crew.  The  unit  contains  a CRT  that  provides  a five  inch  diameter 
display.  The  unit  Is  cooled  by  an  Internal  fan. 

WRA  No.  66  is  a control/display  which  provides  visual  and  audible  sig- 
nals. It  is  hard  mounted  in  the  cockpit  and  is  cooled  by  an  internal  fan. 
The  WRA  is  provided  with  an  alphanumeric  display  which  indicates  the  opera- 
tional status  of  other  system  components.  Three  electrical  connectors  and 
an  elapsed  time  indicator  are  accessible  at  the  rear  of  the  unit. 

WRA  No.  67  is  a display  which  provides  a video  presentation  of  various 
signals.  The  unit  is  located  in  the  cockpit  arid  is  mounted  vertically  on 
its  left  side  and  consists  of  a truss  grid  type  of  construction  upon  which 
the  components  are  mounted.  The  display  tube  is  installed  in  the  center  of 
the  front  panel  arid  all  operating  controls  ere  mounted  on  the  front  cover. 
The  unit  requires  no  supplemental  cooling. 
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WKA  68  js  a control  set  and  contains  all  controls  for  operation  of 
a subsystem.  The  unit  is  housed  in  a rectangular,  frame-mountable  aluminum 
case.  Eight  mounting  screw  holes,  located  along  the  top  and  bottom  of  the 
front  panel,  are  provided  for  securing  the  unit  to  the  main  frame.  A vane- 
axial  cooling  fan  inside  the  case  exhausts  air  through  a ventilation  hole 
in  the  case  bottom  when  the  unit  is  operating. 

WRA  No,  69  is  a dual  control  unit  for  two  channels  of  a communication 
set.  Tile  unit  is  coinprlsed  of  five  printed  circuit  plug-in  assemblies,  two 
of  which  are  identical,  and  the  chassis.  The  main  chassis  contains  a printed 
circuit  sideboard  for  all  of  the  plug-in  assemblies  and  the  high  dissipation 
elements  of  the  power  supply.  The  front  panel  of  the  WRA  contains  all  the 
controls  for  both  channels  of  the  system. 

WRA  Wo,  70  is  a computer  control-indicator  which  serves  as  an  input/ 
output  device  for  the  computer.  The  unit  1b  located  at  the  operator  console 
and  is  secured  in  place  by  eight  quarter- turn  fasteners  on  the  front  panel 
and  two  mounting  pins  at  the  rear.  All  controls  and  indicators  are  located 
on  the  front  panel,  and  all  external  connectors  and  an  elapsed  time  meter 
are  located  at,  the  rear, 

WRA  No.  ?1  is  a cockpit  mounted  control  unit  consisting  of  a front 
panel  with  aviation  red  lighting,  various  manually  operated  controls,  and 
a logic  card  chassis.  The  chassis  houses  seven  printed  circuit  cards  which 
encompasses  all  of  the  low  power  logic  functions.  At  the  rear,  of  the  chas- 
sis is  a separate  enclosure  where  one  power  and  three  signal,  inte’  face 
connectors  are  mounted  along  with  the  elapsed  time  meter.  Two  frequency 
generator  modules  are  mounted  to  the  removable  left  plate  of  the  chassis, 

WRA  No.  72  is  a control  which  provides  the  operator  the  ability  to  in- 
sert commands  into  a computer.  Signals,  generated  within  the  control,  com- 
mand the  computer  to  perform  various  functions.  The  unit  is  located  in  the 
cockpit  at  the  operator  console.  It  is  secured  in  place  by  eight  quarter- 
turn  fasteners  on  the  front  panel.  All  controls  and  indicators  are  mounted 
on  the  front  paiul,  and  all  external  connectors  are  located  at  the  rear. 

The  unit  is  ambient  cooled. 
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Vi  (A  No.  73  J '■>  a radar  display  which  received  video  information,  and 
processes  these  inputs  to  display  the  selected  modes  on  a direct  view 
storage  tube.  It  also  positions  the  true  heading,  command  heading,  range, 
arid  time  indicators  in  response  to  control  signals  from  a computer  and  a 
navigation  subsystem.  The  unit  is  housed  in  a rectangular  aluminum  case  4 

mounted  on  a panel  in  front  of  the  pilot.  An  elapsed  time  meter  is  on  the  * 

right-hand  side  of  the  component.  Guide  rails  along  the  top  rear  surface 
support  the  component  and  guide  it  into  place  where  it  is  held  by  three 
screws  that  pass  through  holes  in  the  indicator  panel, 

WM  No.  74  is  a display  providing  video  presentations  of  various  sig- 

t 

rials.  It  is  located  in  the  cockpit  and  is  supported  at  the  rear  by  two  I 

tapered  mounting  pins,  and  at  the  front  by  two  bo] ts  which  pass  through  the  , 

mounting  structure  and  the  bottom  of  the  chassis.  All  operating  controls  i 

are  located  on  two  removable  front  covers  and  all  connectors  and  an  elapsed  | 

time  meter  are  located  at  the  rear  of  the  assembly.  It  ip.  ambient  cooled 
and  hard  mounted. 


WRA  No.  75  is  a display  which  provides  the  operator  with  visual  indica- 
tions of  information  gathered,  computed,  or  processed  by  various  subsystems 
of  the  aircraft.  The  unit  i„  contained  in  a rectangular  aluminum  housing 
having  top  and  bottom  access  covers.  The  top  cover  is  fitted  with  a carry- 
ing hantu.e  and  a cooling  air  exhaust  port.  The  unit  is  ambient  cooled  by 
means  of  internal  fan  and  is  hard  mounted, 

WRA  No,  76  is  a computer  control  and  with  its  switches,  indicators  and 
associated  circuits  is  used  to  control  and  monitor  system,  processor  and 
tape  recorder  functions.  These  functions  include  system  reset  processor 
selection,  program  loading  and  manual  tape  control  positioning,  navigation 
function  control,  testing  and  fault  indication.  Forced  air  is  used  to  cool 
the  unit  and  it  is  mounted  on  isolators, 

WRA  No.  77  is  a control  which  provides  the  operator  with  a means  of 
controlling  the  various  equipment  functions,  Dc  voltages  are  provided  at 
the  output  of  the  assembly  to  implement  the  control  functions,  us  well  as 
to  provide  indicator  lamp  illumination  power  to  the  other  assemblies.  The 
control  is  located  in  the  cockpit  at  the  operator  console  and  is  secured  in 
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p]  ace  by  four  quarter -turn  fastener®  cm  the  front  pone', l.  All  operating 
controls  are  mounted  on  the  front  panel  Audi  all  external,  connectors  are  at 
the  rear.  It  is  ambient  air  cool  cl. 

Power  Devices  Power  supplies  and  power  switching  unite  comprise  this 
category. 

WRA  No,  78  is  an  AC/DC  converter  power  supply  Which  provides  unregu- 
lated DC  to  computer  memory  power  supplies  and  to  a control  assembly  for 
power  failure  detection.  The  unit  is  shock  mounted  tuirt  is  cooled  by  forced 
air.  It  is  located  in  the  fuselage. 

WRA  No.  79  is  a power  supply  containing  six  voltage  regulators  which 
operate  off  a common  power  transformer.  These  regulators  supply  regulated 
voltages  to  various  assemblies.  The  assembly  contains  an  automatic  load 
sensor  and  protection  from  excessive  voltage  output  variations.  The  out- 
put of  each  regulator  is  sampled  by  a BIT  generator  which  provides  an 
indication  when  a poorer  failure  occurs.  It  io  Isolator  mounted  and  forced 
air  cooled.  It  is  mounted  to  the  aft  fuselage . 

WRA  No.  80  is  a power  switching  unit  and  consist®  of  a front  panel 
face,  a main  power  switch  card  chassis  and  a dual  secondary  power  supply. 

Ihe  power  switches  control  28  VPC  power  to  several  aircraft  equipments . ’Hie 
power  supply  ie  of  modular'  construction  and  contains  four  (4)  printed  cir- 
cuit cards  and  the  main  frame  where  a capacitor  storage  bank  and  large  power 
disaipatj ng  elements  are  mounted.  The  unit  is  forced  air  cooled  .and  ia 
located  in  the  fuselage  above  the  wing. 

WRA  No.  81  is  a power  .nipply  which  provides  regulated  PC  for  Memory 
Core  Modules.  It  is  forced  air  cooled  and  isolator  mounted  and  is  located 
in  the  fuselage. 

WRA  No.  82  is  a low-voltage  power  supply  and  supplies,  rectifies,  regu- 
lates, and  controls  low  voltages  for  various  components.  The  unit  is  housed 
in  a rectangular  aluminum  case  with  fair  mounting  brackets.  Cold-plate  heat 
exchangers  are  used  with  forced  air  cooling  to  satisfy  the  unit  cooling  re- 
quirements, The  unit  ia  mounted  in  the  nose. 


WKA  No.  83  is  a power  supply  which  proviuta  operating  power  to  other 
assemblies  in  the  cockpit  and  contains  five  voltage  regulators  which  operate 
off  a common  power  transformer.  The  power  supply  is  located  in  the  nose 
right  equipment  bay  of  the  aircraft  and  is  secured  by  sliding  the  assembly 
onto  an  isolating  tray.  Moults,  fastened  to  the  bottom  of  the  isolating 
tray,  latch  onto  metal  brackets  on  the  assembly  in  order  to  secure  it  in 
place.  It  is  forced  air  cooled. 

WKA  No,  84  is  a linear  power  amplifier.  The  unit  provides  amplifica- 
tion, gain  compensation,  and  signal  limiting  of  the  input  RF  signal.  The 
WRA  contains  a power  supply  and  a power  amplifier  which  mount  to  the  main 
chassis „ The  power  supply  is  compsoed  of  two  major  functional,  sections; 
the  high-voltage  section  and  the  low- voltage  section.  Each  section  contains 
its  own  power  transformer,  control  interlock,  and  monitoring  circuits.  The 
unit  is  isolator  mounted  and  is  located  in  an  equipment  boy. 

WRA  No.  85  is  a power  supply  which  receives  115  volts,  400  Hz.,  three 
phase  and  28  volts  DC  from  the  aft  main  circuit  breaker  panel.  It  is  hard 
mounted  in  the  left  wheel  well  and  has  three  electrical  connectors,  an 
elapsed-time  meter,  and  overheat  indicator-reset  pushbutton.  The  power 
supply  consists  of  a blower,  a power  supply  circuit,  and  an  overheat 
latching  relay. 

WRA.  No,  86  is  0.  5-volt  power  supply  which  is  the  voltage  source  for 
various  computer  subassemblies.  It  is  forced  air  cooled  and  js  located  in 
the  fuselage  equipment  bay. 

Electro  Mechanical  Devices  - This  category  consists  of  items  ouch  a3  sensors, 
accelerometers,  etc. 

WRA  Nos.  87,  88  and  89  are  sensors  which  provide  roll,  pitch  and  yaw 
inputs  respectively  to  a flight  control  computer  for  stability  augmentation 
and  aircraft  attitude.  The  electronics  are  mounted  on  a printed  circuit 
card.  Micro  electronics  and  flexible  printed  cables  eye  used  to  reduce 
size  and  weight. 
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SSi-™  - Thl.  group  include.  ltOTfl  mch  M racks  Md  cabiMt8_ 

WRA  Ho.  9?  Is  a rack  which  provide.  mounting  ar.d  electrical  T/n 
trol  and  primary  power  connection.  to  the  reat  of  the  \ C°'“ 

Interfacing  equipment..  The  entire  unit  < . * ^ 

mechanical  .txuctural  part.  “ ^ °f  th*  «®*™> 

i. — inr~  c °rs  ■*  inte~u- — - 

WRA  No.  93  i8  a cabinet  which  Vc,  

set.  The  unit  consists  of  atxvct^aTpa^e " ^ COn,POnentG  °f  * CQD^ter 
cabling  and  1.  locate  in  an  e^C’  “* 

WI1A  Ho.  94  is  a rock  which  provide,  noting  M eU 
nection.  for  a co^uMc.tlon.  aue.y.tem.  !he  u^t  con.i  l , °°n' 

quired  mechanical  .tructural  oart.  e * 1 t“  only  °f  the  fe- 
ll located  in  an  ~r°’  ‘“‘—ng  cehllng. 

WRA  No.  95  le  a cabin*-*- 

subsystem.  The  uo.it  Varl0U8  °f  * «■**•* 

connecting  cabling  and  is  located  in  ° ^ ****'  COnneCtors>  ^ il^er- 
- Xocabed  in  an  equipment  bay. 


APPENDIX  B 


Thermal  and  Pressure  Data 


The  following,  Tables  present  the  pertinent  thermal  and  environmental 
data  experienced  during  demonstration  tests  and  field  operations  for  each 
VffiA.  The  air  ambient  temperature  parameters  which  include  the  range,  ex- 
posure duration,  and  rate  o.f  change  for  all  items  are  shown.  The  cooling 
air  characteristics  (i.e,,  temperature,  flow  rates,  rates  of  change  thereof 
and  extent  of  exposure)  for  those  WRA'e  that  require  supplemental  cooling  are 
also  given,  Tne  absolute  pressure  levels  experienced  during  the  laboratory 
test  and  in  a,  typical,  mission  and  the  associated  rates  of  change  are  sum- 
marl  zed., 
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APPENDIX  C 


Vi  brat ' on  Data 

The  following  Figures  and  Tables  present  the  demonstration  and  field 
vibration  data  and  the  results  of  analysis  of  actual  flight  data.  Power 
bpectral  Density  (PSD)  plots  for  various  flight  stations  in  the  three  gas 
turbine  jet  aircraft  for  different  flight  conditions  are  shown.  Acceleration 
versus  frequency  plots  for  the  turboprop  (prop  jet)  aircraft  for  two  flight 
conditions  and  three  flight  stations  are  given.  A summary  of  the  type  and 
duration  of  each  WRA's  vibration  environment  during  its  test  and  mission  is 
presented. 
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FIGURE  C-6  PSD  PICT  FOR  AIRCRAFT  NO. 


FIGURE  C-7  F3D 


FIGURE  C-8  PSD  PLOT  FOR  AIRCRAFT  NO. 


FIGURE  C-10  PSD  PLOT  FDR  AIRCRAFT  NO. 


PROPULSION-Turb 


FOR  AIRCRAFT  NC . 


AIRCRAFT  NO 


■*. — — y — .„., 

' ■-.  . - *.,  ; * '.  i •-  ' ...'■;  . ■ - - 

i , /-  ■ ' - ./  //.'  - - - .-,  " -L--  "V  a-  #■■  • ..  . ; - ’ ‘ - r i ,d  M 


Mjnggksj 


I 


appendix  d 


MTBP  Data 

i 

^ ‘T1^  maF''  °f  “ f°r  *“  tooting  « 

rcr  t T *™  1»  th.  following  Tabl.„.  a,5c  emmiarUl 

° r°5UltS  °f  tlw  fan“"  fod^lfictlon  according  to  tho  groonn 
ruJes  and  assumptions,  described  in  Section  IV.  The  r«nr«rti  * • 

nZrTTty  U8ine  the  COOrdinati0n  COpy  of  ^HDBK-217V^d°thr^an 

- t fime  between  Maintenance  Actions  (MFTBMA)  are  also  tabulated. 
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TABLE  D-l  DmONgTRATED  MTE?  VALUES  (Continued) 
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APPENDIX  E 


Parts  and  Burn-In  Test  Data 

This  appendix  summariae.'i  the  basic  parts  and  burn-in  information,  for 
each  WRA.  The  total  number  of  peice  parts  and  relative  percentages  of  micro- 
circuits  and  high  reliability  parts  for  each  WKA  are  shown,  Hie  results  of 
the  burn-in  tests  that  were  conducted  on  demonstration  and  production  items 
are  also  included.  The  duration,  average  number  of  failures  and  percentage 
of  functions  monitored  during  these  tests  are  tabularized. 
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TABLE  E-2  BURN-IN  TEST  PARAMETERS  AND  TEST  EFFICIENCY 

1 

AVERAGE  # FAILURES  % JUNCTIONS 
DEMONSTRATION  SPRODUCTION  UNITS  i PRODUCTION  UNITS  MONITORED 


1.35 

2.00 

l.?6 

0,90 

2.50 

2.32 

0.79 

0 

1.35 
2.0?  1 
0 
0 

0,1  f 
0.91 
0.10 
0.05 
1,32 
0 

a t-r\ 

vmyz 

0.50 

0.35 

0 

0 

0.78 

0.125 

0.125 

0.20 

1,05 

0.04 
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TABLE  E-2  BURN-IN  TEST  PARAMETERS  AND  TEST  EFFICIENCY  (Con't) 


WRA 

DURATION  (HRS)  1 

AVERAGE  # FAILURES 

t FUNCTIONS 

NUMBER 

DEMONSTRATION  ] 

PRODUCT  ION  UNITS 

PRODUCTION  UNITS 

MONITORED 

30 

350 

45 

0.10 

10 

31 

44 

4o 

0.225 

80 

32 

150 

125 

0.625 

100 

33 

150 

125 

1.02 

98 

34 

150 

125 

0 

100 

35 

44 

40 

; 1.00 

80 

36 

ISO 

125 

0.26 

98 

37 

130 

100 

0.55 

90 

38 

350 

250 

0.89 

50 

39 

350 

250 

0.72 

50 

40 

350 

250 

0.42 

50 

41 

150 

125 

0 

100 

42 

150 

125 

0 

ICO 

43 

150 

125 

0 

100 

44 

35 

4' 

2.50 

80 

45 

1.50 

125 

0.54 

90 

46 

215 

190 

9.90 

80 

47 

IpO 

j 25 

0.67 

100 

48 

500 

190 

0.88 

90 

49 

150 

125 

0.83 

90 

50 

44 

40 

5.33 

80 

51 

150 

125 

0 

75 

52 

150 

125 

0 

100 

53 

3 SO 

250 

0.02 

50 

54 

44 

40 

0.55 

80 

55 

130 

100 

0.15 

90 

56 

44 

4o 

0.025 

80 

57 

350 

250 

0.094 

50 

53 

44 

— 

4o 

0.125 

80 
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TABLE  E-2  BURN- IK  TEST  PARAMETERS  AND  TEST  EFFICIENCY  (Con't) 


WRA 

DURATION  (HRS)  1 

AVERAGE  # FAILURES 

i FUNCTIONS 

NUMBER 

DEMONSTRATION 

PRODUCTION  UNITS 

PRODUCTION  UNITS 

MONITORED 

59 

0 

100 

O.O33 

50 

60 

44 

. 4o 

0.15 

80 

6l 

500 

190 

0.25 

90 

62 

44 

40 

0.05 

80 

63 

150 

125 

0.8? 

98 

64 

44 

40 

0.025 

80 

65 

500 

190 

0.18 

90 

66 

35 

40 

1.00 

80 

67 

44 

40 

1.77 

80 

68 

350 

45 

0.61 

10 

69 

150 

125 

1.26 

98 

70 

44 

4o 

0.40 

80 

71 

350 

250 

4.50 

8c 

72 

44 

4o 

0.35 

80 

73 

50 

45 

0.47 

10 

74 

44 

40 

0.70 

80 

75 

350 

45 

0.24 

10 

76 

150 

125 

0.125 

100 

77 

44 

40 

0.65 

80 

?6 

150 

125 

0 

■ 100 

79 

44 

4o 

0.25 

80 

60 

350 

250 

3-50 

80 

81 

150 

125 

0.125 

100 

82 

350 

45 

0,11 

10 

83  ' 

44 

40 

C.175 

80 

84 

150 

125 

1.83 

98 

85 

35 

4o 

0,50 

80 

86 

150 

125 

c 

100 

87 

350 

250 

0 

50 
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TABLE  E-2  BURN-IN  TECT  PARAMETERS  AND  TEST  EFFICIENCY  (Con't) 


WRA 

NUMBER 

88 

89 


DURATION  (HRS) 


DEMONSTRATION  PRODUCTION  UNITS 


350 

350 


250 

250 


90 

91 

92 

93 

94 

95 


150 

350 

150 

150 

150 

150 


125 

250 

125 

125 

125 

125 


AVERAGE  # FAILURES 
PRODUCTION  UNITS 


0.075 

0.075 

0 

0.13 

0 

0 

0.22 

0.125 


% FUNCTIONS 
MONITORED 


50 

50 

100 

50 

98 

100 

98 

100 


